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B ACKGROUND OF THE INVENTION 

t is known to produce nucleotides or polynucleotides 
which are radioactively labeled, such as with isotopes 
or hydrogen (3H), phosphorus ( 32 P) , carbon ( 14 C) or 
iodine ( 125 D . Such radioactively labeled compounds are 
useful to detect, monitor, localize and isolate nucleic 
acids and other molecules of scientific or clinical 
interest. Unfortunately, however, the use of radio- 
actively labeled materials presents hazards due to 
radiation. Also due to the relatively short half life 
of the radioactive materials employed to label such 
compounds or materials, the resulting labeled compounds 
or materials have a corresponding relatively short shelf 
life. 



It has been proposed to chemically label compounds of 
interest, such as nucleotides and polynucleotides, sp as 
to overcome or avoid the hazards and difficulties 
associated with such compounds or materials when 
radioactively labeled. In the article by P.R. Langer/ 
A. A. Waldrop and D. C. Ward entitled "Enzymatic 
Synthesis of Biotin-Labeled Polynucleotides: Novel 
Nucleic Acid Affinity Probes" , in Ptoc.-Natli Acad; 
Sci. , USA, Vol. 78, No. 11, pp. 6633-6637, November, 
1981, there are described analogs of dUTP and OTP that 
contain a biotin molecule bound to the C-5 position of 
the pyrimidine ring through an alkylamine linker arm. 
The biotin-labeled nucleotides are efficient substrates 
for a variety of DNA and RNA polymerases in vitro. 
Polynucleotides containing low levels of biotin 
substitution (50 molecules or fewer per kilobas,e) have 
denaturation, reassociation and hybridization character- 
istics similar to those of unsubstituted controls. 
Biotin-labeled polynucleotides, both single and double 
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stranded, are selectively and qualitatively retained on 
avidin-Sepharose, even after extensive washing with 8M 
urea, 6M guanidine hydrochloride or 99% formamide. In 
addition, biotin-labeled nucleotides can be selectively 
immunoprecipitated in the presence of antibiotin 
antibody and Staphylococcus aurea , Protein A. These 
unique features of biotin-labeled polynucleotides 
suggest that they are useful affinity probes for the 
detection and isolation of specific DNA and RNA 
sequences* It is indicated in the article that the 
subject matter of the article is comprised in a pending 
U.S. patent application. 

The disclosures of this article and above-referred 
pending patent application are herein incorporated and 
made part of this disclosure. 

The patent application referred to in the above- 
identified article is U.S. patent application Serial No. 
flo 255,223 filed April 17, 1981.^The disclosures of this 
$^f\^ pending U.S. patent application Serial No. 255,223 are^ 
herein incorporated and made part of this disclosure. 
In the above-identified pending U.S. patent application 
the subject matter of the above-identified article- is 
disclosed and additionally it is disclosed that 
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compounds having this structure: 

B*'*A 



wherein B represents a purine, deazapurine, or pyridine 
moiety covalently bonded to the exposition of the sugar 
moiety, provided that when B" is purine or 7-deazapur ine , i. 
i. attached at the ^-position of the purine or deazapurine, 
and when B is pyridine, it is attached at the Nl-position; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
• plex with a polypeptide when the compound is incorporated 
into a double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, or DNA-RNA hybrid; 

' wherein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine the linkage is 
attached to the 8-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B is pyridine, the linkage is attached 
to the 5-position of the pyrimidine; and 

wherein each of x, y, and z represents 

o 0 0 ooo 

H-, H0-, H0-I-0-, HO-S-O-f-0-, or HO-f-O-f-O-f -0- , are 
OH OH OH OH OH OH 

widely useful as probes in biomedical research and recom- 
binant DNA technology.* 

h Particularly useful are compounds ^compassed within this 
structure which additionally have one or more of the follow- 
ing characteristics: A is non-aromatic; A is at least C5; 
the chemical linkage joining B and A includes 
bond; A is biotin or iminobiotin; and B is a pyrimidine or 
7-deazapur ine. 
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These compounds may be prepared by a process nhich involves: 

(a) reacting a compound having the Structure: 

B 

X-CH2/O. 




y 2 

with a mercuric salt in a suitable solvent under 
suitable conditions so as to yforra a mercurated com- 
pound having the structure: 

' B-Hg 4 * 

x-CH. 

(b) reacting said meryfeur at^eV-et4pound with a chem- 
ical moiety reactive yfrith the -Hg + portion of said 
mercurated compound And represented by the formula 
•••N, said reaction/being carried out in an aqueous 
solvent and in the/presence of K 2 PdCl 4 under suitable 
conditions so as fo form a compound having the struc- 
ture: 



x-CH 2 



B • • • m 



wherein N is/ a reactive terminal functional group or 
is A; and 
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(c) recovering said compound as said modifLed nucleo- 
tide when M is A, or when M is a reactive terminal 
group, reacting said compound with a compaomd having 
the structure M-A, wherein M represents/ a functional 
group reactive with N in an aqueous splvent under 
suitable conditions, so as to form ^aid modified 
nucleotide/ which is then recovered/ 

This invention also provides compounds /naving the structure: 



? 



HO-PH 

I 

OH 



O-CH, o 



? 

I 

OH 




—OH 



wherein each of Bfi B'', and B M represents a purine, 7-deaza- 
pur ine, or pyrimldine moiety covalently bonded to the - 
position of tha^ sugar moiety, provided that whenever 3, 3', 
or B tf is puriiVe or 7-deazapur ine , it is attached at the N 9 - 
position of tyne purine or 7-deazapur ine , and whenever B, 3', 
or B" is pyt/imidine, it is attached at the ^-position; 



wherein A Represents a moiety consisting of at least three 
carbon abcms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 



k 

■SfiA 



"i'i 

ii 
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Into a double-stranded duplex formed with a compl 
ribonucleic or deoxyribonucleic acid molecule. 



emdntary 



wherein the dotted line represents a chemical l/nkage Dom- 
ing B and A, provided that if B is purine the /inkage is 
attached to the 8-position of the purine, if/ is 7-deaza- 
purine, the linkage is attached to the 7-po/itlon of the 
Lzapurine, and if B is pyrimidine, the yfnkage is attached 
to the 5-position of the pyrimidine; 



wherein z represents H- or HO-; and 

wherein m and n represent integers^ 
100,000. 



:rom 



0 up to about 



These compounds can be prepared/by enzymatic polymerization 
of a mixture of nucleotides wh/ch include the modified nucleo 
tides of this invention. Alternatively, nucleotides present 
in oligo- or polynucleotide^ be modified using chemical 
methods. 

Nucleotides modified in /ccordance with the practices 
of this invention and o/igo- and polynucleotides into which 
the modified nucleotid/s have been incorporated may be used 
as probes in biomedic/l research, clinical diagnosis, and 
recombinant DMA tech/ology . These various utilities are 
based upon the abilj/ty of the molecules to form stable com- 
plexes with polyper/tides which in turn can be detected, 
either by means of/ properties inherent in the polypeptide or 
by means of detec/able moieties which are attached to, or 
which interact wAth, the polypeptide. 

Some uses incl/de detecting and identifying nucltic acid- 
containing et/ological agents, e.g. bacteria and viruses; 
screwing ba/teria for antibiotic resistance; diagnosing 
genetic dis/rders, e.g. thalassemia and sickle cell anemia; 
chromosomal/ karyotyping; and identifying tumor cells. . 



!<;.: 
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Severai essential criteria must be satisfied in order /lot a 
modified nucleotide to be generally suitable as a substitute 
for a radioactiveiy-labeled form of a naturally occurring 
nucleotide. First, the modified compound must co/tain a 
substituent or probe that is unique, i.e., not normally 
found associated with nucleotides or polynucleotides. 
Second, the probe must react specifically wibh chemical or 
biological reagents to provide a sensitive idetection system. 
Third, the analogs must be relatively efficient substrates 
for commonly studied nucleic acid enzyme/, since numerous 
practical applications require that the/analog be enzymatic- 
ally metabolized, e.g., the analogs must function as sub- 
strates for nucleic acid polymerases/ For this purpose, 
probe moieties should not be placedykn ring positions that 
sterically, or otherwise, interfer/ with the normal Watson - 
Crick hydrogen bonding potential 6t the bases. Otherwise, 
the substituents will yield compounds that are inactive as 
polymerase substrates. Substitution at ring positions that 
alter the normal "anti* nucleoside conformation also must be 
avoided since such conformational changes usually render 
nucleotide derivatives unacceptable as polymerase substrates. 
Normally, such considerations limit substitution positions 
to the 5-position of a pyMmidine and the 7-positi6n of a 
purine or a 7-deazapur ine/ 

Fourth, the detection system should be capable of interact- 
ing with probe subs ti buents incorporated into both single- 
stranded and double-stranded polynucleotides in order to be 
compatible with nucleic acid hybridization methodologies. 
To satisfy this criterion, it is preferable that the probe 
moiety be attached/ to the purine or pyrimidine through a 
chemical linkage pt "linker arm" so that it can readily 
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'intecact with antibodies, other detector proteins, oc chem- 
ical reagents. 

Fifth, the physical and biochemical properties of d&lynuciao- 
tides containing small numbers of probe substifWts should 
not be significantly altered so that current procedures 
using radioactive hybridization probes need no/ be exten- 
sively modified. This criterion must be satisfied whether 
the probe is introduced by enzymatic or dir/ct chemical 
means . 

Finally, the linkage .that attaches the ^robe moiety should 
withstand all experimental conditions fa which normal nucleo- 
tides and polynucleotides are routinely subjected, e.g., 
extended hybridization times at elected temperatures, phe- 
nol and organic solvent extraction^ electrophoresis, etc. 

A U of these criteria are satisf/d by the modified nucleo- 
tides described herein. 

These modified nucleotides ha£e the structure: 

/ B"*A 

x-CH 2 



wherein B represents a/purine, 7- deazapurine, or pyrimidine 
moiety covalently bon/ed to the C^'-position of' the sugar 
moiety, provided tha/ when 3 is purine or 7-deazapur ine , it 
attached at the -position of the purine or 7-deazapur ine , 
and when B is pyridine, it is attached at the M^-position; 

wher-in A represents a moiety consisting of at 'least thrae 
carbon atoms w/ich is capable of forming a detectable com- 
plex with a p/lyoeptide when the compound is incorporated 
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irito a double-stranded ribonucleic acid, de...yr ibonucle^ 
acid duplex, or DNA-RNA hybrid; 

wherein the dotted line represents a linkage group j/oining B 
and A, provided that if B is purine the linkage ^attached 
to the 8-position of the purine, if B is 7-deazar/ur ine , the 
linkage is attached to the 7-position of the de/zapunne, 
and if 3 is pyrimidine, the linkage is attach/d to the 5- 
position of the pyrimidine; and 



wherein each of x, y and z represents 



0 



H-, HO!-, HO-P-0-, 
OH 



0 0 
(1 II „ 
H0-P-0-P-0-, 

OH OH 



0 0 0 

It It II 
H0-P-0-P-0-P-0-. 

1 I I 
OH OH OH 



These compounds are widely useful L probes in biomedical 
research and recombinant DMA technology. 

Although in principal all comp/nds encompassed within this 
structural formula may be pre/ared and used in accordance 
with the practices of this yWention, certain of the com- 
pounds are more readily prepared or used or both, and there- 
fore are presently preferr/ed. 

Thus, although pur ines, /pyr imidines and 7-deazapur ines are 
in principal useful, p/rimidines and 7-deazapur ines- are 
preferred since pur in/ substitution at the 8-posi.tion tends 

i'to render the nucleo/ides ineffective as polymerase substrates 
Thus, although modif/ed purines are useful in certain respects, 
they are not as generally useful as pyr imidines and 7-deaza- 
purines. Moreov/r, pyrimidines and 7-deazapur ines useful in 
this invention /ust- not be naturally substituted at the 5- 
or 7- position/, respectively. As a result, certain bases 
such as thymi/e, 5-methylcytosine, and 5-hydroxymethyl- 

■' cytosine are/not useful. Presently preferred bases are 
cytosine, u/acil , ■ deazaadenine and deazaguanine 
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X may be any moiety which has at least three carbon a^bms 
and is capable of forming a detectable complex with/ poly- 
peptide when the modified nucleotide is incorporated into a 
double-stranded duplex containing either deoxyr ib/nucleic oc 
ribonucleic acid. 

A therefore may be any ligand which possesse/these prop- 
erties, including haptens which are only immunogenic when 
attached to a suitable carrier, but are ca/able of interr- 



ing with appropriate antibodies to 
amples of moeities which are useful in 

^-(CH 2 )4-"0 
HN NH 



produ/e complexes. Ex- 



-<j-(CH 2 ) 
0 




-rO 




.NO. 



-C-CH 2 -CH 2 C-0- 
0 0 



-C-{CH 2 ) 4 - 



^1 ; and 



OH 




Of these the preferred A moieties are 
biotin and irtinobiotin . 



/ 
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Moreover, since aromatic moieties tend to intercalate 7 into a 
base-paired helical structure, it is preferred that/ the 
raoie ty A be nonaromatic. Also, since 
not permit sufficient molecular interaction 
tides, it is preferred that A be at least C 5 *4 that suf 
£ici ent interaction can occur to permit formation of 
complexes. Biotin and iminobiotin satisfy b/th of these cri 
teria. / 

The linkage or group joining moiety A t/base B may include 
any of the well known bonds including/carbon-carbon single 
bonds, carbon-carbon double bonds, c/rbon-nitrogen single 
bonds, or carbon-oxygen single bond's. However, It is gen- 
erally preferred that the chemica/ linkage include an ole- 
Ei nic bond at the a-position revive to B. The presence of 
such an a-clefinic bond serves/to hold the moiety A away 
from the base when the base i/ paired with another ,n the 
wll known double-helix conf/gur ation. This permits inter 
action with polypeptide to/ccur more readily, thereby a- 
cilitating complex format/on. Moreover, single bonds wth 
greater rotational freed/m may not always hold the moiety 
sufficiently apart from/the helix to permit recognition by 
•and complex formation /ith polypeptide. 

•it is even more pref/rred that the chemical linkage group be 
derived from a priJry amine, and have the structure -CHj-W- 
since such linkaga4 are easily formed utilizing any of che 
well known amine/nodif ication reactions. Examples of 
preferred linka/es derived from allylamine and allyl-(3- 
amino-2-hydrox/-l-pcopyl) ether groups have the formulae 



-CH*CH-CH2-NH/ and 



.CH=CH-CH 2 -0-CH 2 -CH-CH2-NH-- 
OH 



respective! 



/ 
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Although these linkages are preferred, others can be us^d, 
including particularly olefin linkage arms with otheryfoodi- 
fiable functionalities such as thiol, carboxylic acicf, and 
epoxide functionalities- / 

The linkage groups are attached at specific positions, 
namely, the 5-position of a pyrimidine, the 8-oOsition of a 
purine, or the 7-position of a deazapurine. Afe indicated 
previously, substitution at the 8-position oS a purine does 
not produce a modified nucleotide which is Useful in all the 
methods discussed herein. It may be that /the 7-position of 
a purine, which is occupied by a nitroger/ atom, could be the 
point of linkage attachment. However, tthe chemical substi- 
tution methods employed to date and di/cussed herein are not * 
suitable for this purpose. / 

The letters x, y, and z represent gytoups attached to the 5', 
3', and 2* positions of the sugar Aoiety, They may be any 

of / 

0 0 h 0 0 0 

H-, H0-, H0-P-0-, HO-P-tf-P-0-, or H0-P-0-P— P-0- . 

OH Otf OH OH OH OH 

Although conceivable, it is Unlikely that all of x, y, and z 
will simultaneously be theiame. More likely at least one 
of x, y, and z will be a phosphate-containing group, either 
mono-, di-, or tr i-phosph/te and at least one will be HO- or 
H-. As will be readily Appreciated , the most likely identity 
of z will be HO- or H- indicating ribonucleotide or deoxy- 
ribonucleotide, respectively. Examples of such nucleotides 
include 5* -ribonucleotide monophosphates, 5 1 -c ibonucleoside 
diphosphates, 5 1 -r ibc/nucleoside triphosphates, 5*-deoxy- 
ribonucleoside monophosphates, * 5 ' -deoxyr ibonuclsoside 
diphosphates, 5 f -defoxyribonucleoside triphosphates, 5 * ?- 
| ribcnucleoside-3'tf, and 5 'p-deoxyr ibonucleos ide-3 ' p. More 
specific examples' include modified nucleotides of this type 
in which A is bi/tin or iminobiotin, the chemical linkage is 



-CH=CH-CH 2 -NH- or -CH=CH-CH 2 -C-CH 2 -CH-CH 2 -NH- , 

OH 

and B is uracil or cytosine. 



The general synthetic approach adopted for introducing the 
linker arm and probe moiety onto the base is d/scussed here- 
inabove. (See especially, J.L. Ruth and D.E. iergstrom, J, 
Org. Chem., 43, 2870, 1978; D.E. Bergstrom add M. K. Ogawa, 
J. Amer. Chem. Soc. 100, 8106, 1978; and C/F. Bigge, P. 
Kalaritis, "j.R. Deck and M. P. Mertes, jVAmer. Chem. Soc. 
102, 2033, 1980.) However, the olefin s/Ubstituents employed 
herein have not been used previously. /To facilitate attach- 
ment of probe moiety A, it has been f/und particularly 
desirable to employ olefins with primary amine functional 
groups, such as allylamine [AAl or yaiiyl-(3-amino-2- 
Hydroxy-l-propyl) ether ( MAGE] , which permit probe attach- 
ment by standard amine modif icati/fen reactions, such as, 



II 2 

-CH 2 NH 2 + R-C -OR 
Imidate 



-CH 2 NHCR 



0 
II 

R-C. 



0 
II 

-CH 2 NHCR 



-CH 2 NH2 + R "/ 



Anhydride 



-CH 2 NHy! 



f 



NCCR 



0 
1 

-CH 2 iJHCR 



o 

NHS-ester ( N-hydroxysuccinimide) 



S 
II 



-^H 2 NH 2 + R-M*OS-» -CH 2 MHCNHR 
Isothiocyanate 



-CH 2 NH2 + 
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-CH2WHCH2CHR 



Epoxide 

Becau Se of ease of preparation it has been found/ref er able 
to use NHS-esters for probe addition. However , /Slefin anker 
arms with other modifiable functional groups, auch as thiols, 
carboxylic acids, epoxides, and the like, can/also be em- 
ployed. Furthermore, both linker arm and. pro/e can" be added 
in a single-step if deemed desirable. 

Specifically, modified nucleotides having/ the structure: 

B ♦ » »A 



X"CH 




wherein B represents a purine, 7-d/azapur ine , or pyrimidine 
moiety covalently bonded to the cf -position of the sugar 
moiety, provided that when B is /urine or 7-deazapur ine , it 
is attached at the ^-position ft the purine or deazapurine, 
and when B is pyrimidine, it d attached at the ni-po.ition, 

wherein A represents a moiet/ consisting of at least three 
carbon atoms which is capab/e of forming a detectable com- 
plex with a polypeptide wh/n the compound is incorporated 
Into a double-stranded ribonucleic acid, deoxyribonucleic 
Scid duplex, DNA-RNA hyb/id; 

wher-in the dotted lin4 represents a chemical linkage join- 
ing B and A, provided/ that if B is purine, the linkage ta 
attached to the 8-po4ition of the purine, if 7-deazapur ine , 
the linkage is attached to the 7-position of the deaza- 
purine, and if B i/s pyrimidine, the linkage is attached to 
•the 5-position of/ the pyrimidine; and 



wherein each of x, y, and z represents 



H-, H0-, HO 



J-0-, H0-5-0-S-0-, or HO-P-O-P 
OH OH OH 



can be prepared by: 



I 

OH 



-P-O- 
I 

OH 



(a) reacting a compound having the st/ucture: 

, B 

x-CH-o 



a I L H 



H y i 

with a mercuric salt in a suitable : solvent under 
suitable conditions so as to f/rm a mercurated com- 
pound having the structure 

y r 

(b) reacting said merc/rated compound with a chem- 
ical moiety reactive with the -Hg + portion of said 
mercurated compound and represented by the formula 
•♦•N, said reaction/feeing carried out in an aqueous 
solvent and in the /presence of K 2 PdCl 4 under suitable 
conditions so as tto form a compound having the struc- 
ture: / B • 4 '• M 

/x - CH -.o 




wherein N i/a reactive terminal functional group or 
is A; and 

(c) recovering said compound as said modified nuclao 
tide whrf N is A, or when M is a reactive terminal 
group, /reacting said compound with a compound having 
the structure M-A, wherein M represents a functional 
group/ reactive with N in an aqueous solvent under 




Biotfin- 



NHS/ ester 
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Although the reactions can be carried out K nydrogen ion 
concentrations as low as pH 1, or as high as P H 14, it is/ 
preferred to operate in the range from about 4 to 8 . / 
This is especially true when dealing with unstable compounds 
such as nucleoside polyphosphates, polynucleotides, a/d nucleo- 
tide coenzymes which are hydrolyzed at pH's outs id/ this 
range. Similarly, it is preferred to operate at/a temper- 
ature in the range from about 20° C to 30° C tc/avoid pos- 
sible decomposition of labile organic substra/ss. However, 
the reactions can be carried out at temper a/ures from about 
5° c to 100° C. As is usual with chemica/ reactions, higher 
temperatures promote the reaction rate and lower tempera- 
tures retard it. Thus, in the temper a/ire range from 5° C 
to 100° c, the optimum reaction time/nay vary from about 10 
tHihutes to 98 hours. In the prefer/ed temperature range, 
reaction times normally vary from/about 3 to 24 hours. 

The preferred procedure for maintaining the pH in the de- 
Sired range is through the us/ of buffers. A variety of 
buffers can be employed. T/ese include, for example, sodium 
or potassium acetate, sodLdm or potassium citrate, potassium 
citrate-phosphate, tris-*betate and borate-sodium hydroxide 
buffers. The "concentra/ion of buffer, when employed, can 
Vary over a wide range/, up to about 2.0 molar. 

While a particular /vantage of the mercuration and. palladium 
catalyzed addition/reactions is that they can be carried out 
in water, small aZounts of an organic solvent can be use fully 
included as a solubility aid. The organic solvents usually 
chosen are tho/e which are miscible with water. These may 
be selected f/om ethers, alcohols, esters, atones, amides, 
and the like /such as methanol, ethanol, propanol, glycerin, 
dioxane, ac/tone, pyridine and dime thy If ormamide. However, 
' since it h/s been observed that the presence of alcohols, 
'such as methanol, often results in alkoxy-addition across 
■the olef/n double bond, any organic solvent used as a sol- 
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Irv , 



ub llity aid should ^ chosen carefully. I. , Auction of/ 
ai „ substltuents to the - or • - exocycl i-arbon a/ms 
r/^uusm the Paction of compounds which a^ti 
Used much less efficiently as enzyme substrates. / 

Mthouoh various mercuric salts may ^W^Z"' 
en tly preferred salt Is < 1 ' by £lrs t 

ct.d previously, the compounds may b prep f ^ 
addinu a linker. arm and then the -"^'A^ the ch8in . 
linker arm to which A is already att ched/ 

of the numerous entities wniw.. -7- 
duction of the desired compounds. / 

samples include ^^'^/^ and 
-CH=CH-CH 2 -0-CH 2 -CH-CH 2 -NH 2 ' /-CH-CH CH 2 NH 

OH 



-CH=CH 2 -CH 2 -0-CH 2 -<jH-CH 2 - 

OH 



-iminobiotin. 



ated mpound. mercuraJd compound, and 

compound will b. substantially stoichiometric whereas e 
. et curlc and compound ...will be 

W in pract X amounts will vary depend, .n, upon 
Hons in reactlo/ conditions and the prec.se rdentrty 

the teactants. 



nintental pi 



u tocols that can be performed and in the detection 
'.methods /microscopic and „on-mi=roscopic, that can be 
CilUe/for analysis, ror example, blot n nucleot! e 
lean beAntroduced into polynucleotides whicn are rn -he 



process of baing synthesized by cells or ci\ a cell ex- / 
tracts, thus making it possible to detect and/or isola^4 
nascent (growing) polynucleotide chains. Such a procedure 
is impossible to do by any direct chemical modification 
method. Furthermore, enzymes can be used as reagents for 
introducing probes such as biotin into highly selective or 
9ite-specific locations in polynucleotides; the/chemical 
synthesis of similar probe-modified products Vbuld be ex- 
tremely difficult to achieve at best. / 

The synthesis of nucleotides containing b/otin or imino- 
biotin was achieved as detailed in the e/amples set forth 
hereinafter. Pyrimidine nucleoside triphosphates con- 
taining either of these probes attached to the C-5 carbon 
atom were good to excellent substrates for a wide variety of 
purified nucleic acid polymerases dt both prokaryotic and 
^ukaryotic origin. These include/DNA polymerase I of E. 
coli, bacteriophage T4 DMA polym/rase, DNA polymerases « and B 
from murine (A-9) and human (HeZa) cells, and the DMA poly- 
merase of Herpes simplex virus/ Confirming data were obtain- 
ed with E. coli DNA polymerase I using either the nick- 
j'translation condition of Ri/by, et al. (P.W.J. Rigby, M. 
•Dieckmann, C. Rhodes and p/ Berg, J. Mol . Biol. U3, 237 , 
j 1977) or the gap-filling Reaction described by Bourguignon 
let.al. (G.J. Bourguignon/ P.J. Tattersall and D.C. Ward, J. 
* Virol. 20, 290, 1976) . /Bio-dUTP has also been found to 
j function as a polymerase substrate both in CHO cells, perinea- 
ls bill zed by treatment >i ith lysolecithin according to the 
; method of Miller, et/al. (M.R. Miller, J.C. Cast.ellot, Jr. 
• ? and A.B. Pardee, E*p. Cell Res. 120, 421, 1979) and in a nu- 
/ clear replication /system prepared from. Herpes simplex in- 
; fected BHK cells/ Although biotinyl ribonucieoside tri- 
I phosphates were /found to function as substrates for the RNA 
j polymerases of/4, coli and bacteriophage T7, they are not 
f utilized as e/ficiently as their deoxyr ibonucleotide tri- 
j phosphate counter parts. Indeed, they are incorporated 



/ 

/ 
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poorly, if at all, by the eukaryotic RNA polymerases ex- 
amined (HeLa cell RNA polymerase III, calf thymus ^poly- 
merase II and mouse cell RNA polymerase II). While/this 
limited range of substrate function does restrict/the util- 
ity in some in vivo or in vitro transcription sjrudies, biotm- 
labeled RNA probes can be prepared en*ymatical4y from DNA 
templates using E. coli or T7 RNA polymerase/ or by 3' end- 
labeling methods using RNA ligase with compounds such as 
biotinyl-pCp. The AA- and NAGE-der ivative/ of UTP are, how- 
ever, substrates for the eukaryotic RNA polymerases men- 
tioned above. With the availability ojf antibodies to these 
analogs, the isolation of nascent transcripts by immuno- 
logical or affinity procedures should be feasible. 

The enzymatic polymerization of ,/cleotides containing bio- 
tin or irainobiotin substitu*nts/was not monitored directly, 
since neither of these probes/ere radiolabeled. However, 
two lines of experimental evidence clearly show that the 
biotinyl-nucleotides were incorporated. The first is that 
polynucleotides synthesize/ in the presence of biotin- 
nucleotides are selectively retained when chromatographed 
over avidin or streptavVdin affinity columns. (Tables I and 
II) For example, wher/as normal DMA, nick translated with 
32p- dA MP, is quantita/ively eluted upon the addition of 0.5 
M NaCI, the vast maj/rity of biotinyl-DNA or iminobiotinyl- 
DNA remains bound t/ the resin even. after extensive- washing 
with high salt, uria, quanidine-HCl , formamide or 50 mM 
NaOH. The small iraction of the radiolabel eluted by these 
washing conditions is not retained when applied to the resin 
a second time , /suggesting that radioactivity is associated 
with DMA fragments which are free of biotin substitution. 
The second lftfaa of evidence is that only biotin-labeled 
^ polynucleotides are immunoprecipitated when treated with 

purified ai/ti-biotin IgG followed by formal in-fixed Stachv- 
'' lococcus auceus . (Table III) It is clear from the data in 

these tab/les that extremely small amounts of biotin can be 



-Zl- 

detected by this method. These results also show that the 
biotin molecule can be recognized by avidin, streptavidLrf or 
specific antibodies while the DMA is still in its nat^e, 
double-stranded form, a condition that is absolutely/essen- 
tial if the antibody-binding or avidin-af f ini ty approaches 
are to be useful in probe detection employing hybridiza- 
tion techniques. 

i 

TABLE .1 

SELECTIVE RETENTION OF BIOTl^IZED DNA 
ON AVIDlN-SEPHARQSE 



Eluent 



.Load - 



(1) 

; (2) 

(3) 
(4) 

< 5) 
(6) 
(7) 



% DNA Retained on Resin 
Bio-DNA (1%) T-DNA 



3 X 10 s cpm 
10 mM Tris 7.5 
+ 0. 2 M NaCl 

0.5 M NaCl 
1.0 M NaCl 
8 M Urea 
6 M guanidine-HJi 
99% formamide 
2 mM Biotin 
50 mM NaOH 



100 

100 
99.7 

100 
95.2 
94.7 
97.6 
89.5 



100% 

0.1 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.01 



/ 



TABLE II 



Affinity Chromatography of Iminobiot in-dUTP 
and Iminobiotinized - DMA on S tr eptavidin-Sepha/ose 



Eluent 

Load - 

(1) 
(2) 
(3) 
(4) 
(5) 

(6) 



10 mM Tris-HCl, 8.3 
50 mM NaCl 
0,1 H NaCl 
1.0 M NaCl 
8 M Urea 

6 M guanidine-'HCl 
SO mM NH^j-acetate, 

pH 4,0 
50 mM NH4-acetate, 

pH 4.0 
2 mM biotin 



% Retained on SAyseoharose 
T-DNA 3 H- IB^dUTP IS - D NA 

99.7 
99.7 
99.4 
98.5 
97.0 



<0-01 



/ 




c0,01 



96.5 



<0. 01 



SELECTIVE IMMUNO/RECIPITATION OF BIO-DNA 
WITH ANTI-BIOT7TN IgG and STAPH AUREUS 



Antibody j 

. /•■ 

Anti-B^o IgG 
Non-immune IgG 



DMA* 

T-DNA 
T-DNA 
T-DNA 

Bio-DNA 
Bio-DNA 
Bio-DNA 

*N«T* pBR-322 DMA, 32p_i a b e led; 1% Biotin substitution. 
Specific activity, 2 x 10 7 cpm /y g 
Biotin detection 0.001-0.01 pmoles. 



/ 
r 

An/ii-Bio IgG 
t*^n- immune IgG 



CPM in 
Immuno ppt. 

70 
87 
55 

53 
3347 
60 



CPM in 
Supernatant 

4867 
5197 
5107 

3886 
736 
3900 
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Thus, it is possible to prepare novel compounds having 

structure: 



they 




OH 



wherein each of B, B\ and By represents a purine, deaza- 
purine, or pyrimidine moiet/ covalently bonded to the C L - 
position of the sugar moiety, provided that whenever B, B\ 
or B" is purine or 7-dea^apur ine , it is attached at the im- 
position of the purine o'r deaxapurine, and whenever B, B', 
or B" is pyrimidine, i|^ is .attached at the N^-position; 



"7 



wherein A represents/a moiety consisting of at least three 
carbon atoms- which Is -capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-stranded duplex formed with a complementary 
ribonucleic or deoxyribonucleic acid molecule. 

wherein the dc/tted line represents a linkage group join- 
ing B and A, /provided that if B is purine, the linkaqe is 
attached to /the 8-position of the purine, if B is 7-deaza- 
purine, thJ linkage is attached to the 7-position of the 

/ 
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deazapurine, and if B is pyrimidine, the linkage is att- 
to the 5-position of the pycimidine; 

wherein z represents H- or H0-; and 

wherein m and n represent integers from 0 up to^bout 
100,000. 

Of course, it should be readily understood /hat in general m 
and n will not simultaneously be 0 since, An that event, the 
compound becomes merely a modified nude/tide as described 
previously. In general B ' and B" will/vary within the same 
oligo- or polynucleotide, being alternatively uracil, cyto- 
sine, thymine, guanine, adenine, or/the like. Also, in gen- 
eral, the variation will correspond to the ordered sequence 
of nucleotides which codes for th4 synthesis of peptides 
according to the well known Gene'tic Code. However, it is 
intended that the structure shown also embrace polynucleo- 
tides such as poly C poly u/poly r(A-U), and poly d(A-U) 
as well as calf thymus DNA ,/ r ibosomal RNA of E. coli or 
yeast, bacteriophage RNA a^d DNA (R17, fd) , animal viruses 
(SV40 DNA), chromosomal DilA, and the like, provided only 
that the polynucleotide^ be modified in accordance with this 

invention. j - 

It is also to be understood that the structure embraces more 
than one modified aVcleotide present in the oligomer or 
polymer, for exam/le, from two to thirty modified nucleo- 
tides. The criti/al factor in this regard is that the number 
of modification/ not be so great that the polynucleotide is 
rendered ineffective for the intended use. 



Finally, it/should be understood that modified" oligo- and 
oolynucleoyldes can be joined to form larger entities having 
the same structure so long as terminal groups are rendered 
compatibly or reactive. 
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These compounds can be made by enzymatic polymer ization/of 
appropriate nucleotides, especially nucleotide triphosphates 
in the presence of a nucleic acid template which di^cts 
synthesis under suitable conditions. Such conditions can 
vary widely depending upon the enzyme employed, /mounts of 
nucleotides present, and other variables. Illustrative 
enzymes include DNA polymerase I of E. coli, bacteriophage 
T4 DNA polymerase, DNA polymerases a and 3 fftoxn murine and 
human (HeLa) cells, DNA polymerase from He/pes simplex 
virus, RNA polymerase of E. coli , RNA polymerase of bacter- 
iophage T7, eukaryotic RNA polymerase i/cluding HeLa cell 
RNA polymerase III, calf thymus RNA pc/ymerase II, and mouse 
cell RNA polymerase II. ^ 

Also, the compounds can be prepared by terminal addition to 
oligo- or polynucleotides to produce compounds in which m or 
n is 0 depending upon whether tWe addition is at the 5' or 
3' position. Moreover, the compounds such as pCp or pUp in 
which the base is biotinized yean be added to existing mole- 
cules employing the enzyme 1J/NA ligase. 

/ 

Modified oligo- and polynucleotides can also be prepared by 
chemical modification of /existing oligo- or polynucleotides 
using the approach desc/ibed previously for modification of 
individual nucleotides/ 

The various modif ied^nucleotides, oligonucleotides, and 
polynucleotides of /his invention may be detected by con- 
tacting the compounds with polypeptides which are capable of 
forming complexes/therewith under suitable conditions so as 
to form the complexes, provided that the polypeptides in- 
clude one or mo/e moieties which can be detected when the 
complex or complexes is or are formed, generally by means of 
conventional detection techniques. 

One polypep/ide detector for the biotiny 1-type probe is 
avidin. T?e avidin-biotin interaction exhibits one of the 
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tightest non-covalent binding constants (K dis =10 3 l s ) see n/in 
nature. If avidin is coupled to potentially demonstrable 
indicator molecules, e.g., fluorescent dyes ( f luorosce/n , 
rhodamine), electron-dense reagents (ferritin, hemocv/anin, 
colloidal gold), or enzymes capable of depositing insoluble 
reaction products (peroxidase, alkaline phosphatase^ the ; 
presence, location and/or quantity of the biotin /probe can 
be established. , / 

Avidin has, unfortunately, one property that/makes it less 
desirable as a biotin-indicator protein wheh used in con- 
junction with nucleic acids or chromatin tdaterial . It has 
been reported (M.H. Heggeness, Stain Teohnol . , 52, 165, 
1977; M.H. Heggeness and J.F. Ash, J. /ell. Biol., 73, 783, 
1977; E.A. Bayer and M. Wilchek, Methods of Biochemical 
Analysis 26, 1, 1980) that avidin b/nds tightly to condensed 
chromatin or to subcellular fractions that contain large 
amounts of nucleic acid in a manfler which is independent of 
its biotin-binding property, s/nce avidin is a basic glyco- 
protein with a pi of 10.5, its/histone-like character or its 
carbohydrate moieties are moA likely responsible for these 
observed non-specific interactions. 

A preferred probe for bio/in-containing nucleotides and 
derivatives is streptavi/dinv an avidin-like protein, syn- 
thesized by the soil organism Streptomyces avidlnii. Its 
preparation and purification is described in Hoffman, et 
al., Proc. Natl. AcadVSci., 77, 4666 (1980). S.treptavidin 
has a much lower pl/(5.0), is non-glycosylated , and shows 
much lower non-spec/if ic binding to DMA than avidin, and 
therefore offers potential advantages in applications in- 
volving nucleic acid detection methodology. 

A most preferred protein for biotin-like probe detection is 
monospecific ryabbit IgG, antibiotin immunoglobulin. This 
compound was /repared by immunizing rabbits with bovine 
* serum albumi/ con jugated bib tin as described previously (M, 
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Berger, Methods in Enzymology, 62, 319 (1979)) and puril 
by affinity chromatography. Although the association /on- 
stant of immunoglobulin-haptens have values of K aj /<10 to 
I0l0) W hich are considerably lower than £or avidiyoiotin 
complexes, they are substantially equivalent to ttfose ob- 
served with the avidin-irainobiotin complex. Fu/thermoce, 
the anti-biotin antibodies have proven extremely useful in 
detecting specific polynucleotide sequences 6n chromosomes 
by in situ hybridization since little, if A, non-specific 
binding of the antibody to chromatin mate/ial occurs. 

The modified polynucleotides of this Invention are capable 
of denaturation and renaturation und/r conditions compatible 
with their use as hybridization probes. An analysis of the 
thermal denaturation profiles and/hybridization properties 
of several biotin-substituted DNA and RMA polymers clearly 
indicates this. For example, pfeR 322 DMA or X DNA, nick 
translated to introduce approximately 10-100 biotin residues pe 
kilobase, have Tro values essentially identical to that of 
the control, biotin-free DMAs . Furthermore, 32p_i a beled, 
biotin-substituted, pBR ifl DNA, exhibited the same degree of 
specificity and autoradiographic signal intensity as con- 
trol, thymidine-contain/ng DMA, when used as a hybridization 
probe for detecting bacterial colonies containing the plas- 
mid. 

In DMA duplexes, s/ch as MVM RF DNA, in which every thymidine 
residue in one at/and' (1250 in toto per 5 Kb) is replaced 
by a biotinyl-nu/leotide, the Tm is only 5° C less than 
that of the uns/bstituted control. Although the Tm of 
poiy d(A-bioO)/ in which each base pair contains a bio-dUMP 
residue is is/ C lower than the poly d(A-T) control, the 
degree of cofeperativity and the extent of hyperchromicity 
observed bc/th during denaturation and renaturation were 
the same fior the two polymers. A parallel analysis of 
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RNA duplexes and DNA/RNA hybrids indicates ttiat their Tm's/ 
also decrease as the biotin-content of the polymer incre/ses. 
However, it is clear that a substantial number of biot^n- 
molecules can be introduced without significantly altering 
the hybridization characteristics of the polymers. 



These results strongly suggested that biotin-suhitituted 
polynucleotides could be used as probes for deleting and/or 
localizing specific polynucleotide sequences In chromosomes, 
fixed cells, or tissue sections. The general protocol 
for detecting the biotin-substituted probe/is schematically 
illustrated as follows: 

GENERAL PROTOCOL FOR PROBE/DETECTION 
VIA 5W,C0L0NY, OR NORTHERN/SOUTHERN 
V HYBRIDIZATION MET/WOOS 



Anfi probe sequence/ 



I) Target 
Delivery 



Hybriaize with biolinized or 
hop/enized probe (with or wilh- 
ou/f cloning vechicle sequences) 




6 6 6/66 



2) Signal 

Amplification 





-O s Biotin or 
Hapten* 



1 ) Avidin -peroxidase 

2) IgG - peroxidase 

3) Primary d-determinent IgG 



3) Oelecl 





(2) 




: I), Insoluble peroxidase producis : DAB 
2) Antibody sandwiching techniques 
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This general scheme illustrates only procedures used foi 
gene mapping (cytogenetics), and recombinant ^^T^ 
ogles. However, it can be equally well appUed totjfc de 
tection of nucleic acid sequences o£ bacterial, vtfal, 
fungal or parasite origin in clinical samples an/ this forms 
the basis of a powerful new approach to clinic/l diagnoses 
which does, not rely on the use of radioisotopes. 

immunological and historical methods fo/the detection of 
biotin have shown that the basic approach^ is useable for 
ca pid method of gene mapping in situ hy/r idization and non- 
radioactive procedures for detecting specific nucleic acid 
sequences by blotting hybridization methods. Use may be 
made of this technology in development of new clinical diag- 
nostic procedures, / 

Using this approach, it is possi/e to determine the presence 
of a specific deoxyr ibonucleic/or ribonucleic acxd molecule, 
particularly such a molecule /erived from a living organism, 
e.g. bacteria, fungus, virus/ yeast, or mammal. This n 
turn permits diagnosis of nucleic acid-containing etiolog- 
ical agents, in a patient cjt other subject. 

Moreover, it provides a/ethod for screening bacteria to 
determine antibiotic r/sistance. Thus, for example, peni- 
cillin resistance in ftreptococcus pyogenes or Neissens 
meningitidis : tetracycline resistance in . S M ohvlococcus . 
aureus , Candida albicans, Pseudomonas aeruoinosa, St^eo- 
, QCOC cus pyogenes , /or Neisseria gj^ojj^oeae; and amino- 
glycoside resistance in Mycobacterium tuber culos is can be 
determined, / 

in these methodfe a polynucleotide is prepared which is 
complementary ko the nucleic acid sequence which charact- 
erize the onanism or its antibiotic resistance and vmcn 




U 
;<i; 



>1- 



ianism 



-30- 

additionally includes one or more modified nucleotide^ 
according to this invention. This polynucleotide 
hybridized with nucleic acid obtained from the ort 
under scruntiny. Failure to hybridize indicate/ absence 
of the organism or of the resistance characteristic. 
Hybridized nucleic acid duplexes are then id/ntified by 
forming a complex between the duplex and a Suitable 
polypeptide which carries a detectable mo/ety, and detect- 
ing the presence of the complex using an/appropriate de- 
tection technique. Positive detection indicates that the 
complex, the duplex and therefore the/nucleic acid se- 
sequence of interest are present. 



This approach can be extended to 
disorders, such as thalassemia 



{he diagnosis of genetic 
sickle cell anemia. 



The deoxvcibonucleotide acid g/ne sequence whose presence 
or! absence (in the case of thalassemia) is associated with 
the disorder can be detected/following hybridization with 
a polynucleotide probe acco/ding to this invention based 
upon complex formation witjn a suitable detectable poly- 
peptide . 

The mapping of genes 0/ .their transcripts to specific 
loci on chromosomes h/s been a tedious and time-con- 
suming occupation, involving mainly techniques of cell- 
fusion and somatic hell genetics. Although in situ 
hybridization has /been employed successfully for mapping 
single-copy gene /sequences in species that- undergo 
chromosomes poltftenizationr such as Dcosophila, de- 
tection of unique sequence genes in most higher eukaryotic 
chromosomes hi been extremely difficult, if not impossible, 
using standard hybrization methods. The necessity for 
polynucleotide probes of very high specific radioactivity 
to facilitate autoradiographic localization of the hybridi- 
zation siJe also results in rapid radicdeccmposition of the 
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probe and a concomitant Increase in the background noi/se of 
silver grain deposition. The use of hybridization p/obes 
with low to moderate specific radioactivities requites ex- 
posure times of many days or weeks, even to detect multi- 
copy sequences, such as ribosomal RNA genes or satellite 
DNA. Since recombinant DNA technology has made/feasible the 
molecular cloning of virtually every single-copy sequence 
found in eukaryotic cells, it would be extremely beneficial 
to have a rapid and sensitive method for tapping the chro- 
mosomal origin of such cloned genomic fragments. 

Modified nucleotides may be used in 9f method of gene 
mapping by in situ hybridization which circumvents" the use 
of radioisotopes. This procedure takes advantage of a 
thymidine analogue containing bio/in that can be incor- 
porated enzymatically into DNA r/fcobes by nick translation. 
After hybridization in situ th/ biotin molecules serve as 
antigens for affinity purified rabbit anti-biotin anti- 
bodies. Immunofluorescent antibody sandwiches made with 
fluorescein-labeled goat ar/ti-rabbit IgG allow for rapid and 
specific cytogenetic loca/ization of cloned gene sequences 
as green-yellow bands. ^This method offers four major ad- 
vantages over conventional autoradiographic methods of in 
3 jtu gene localization/; less background noise, an increase 
in resolving power b/tween bands; a decrease in the time 
required to determi/e the site of probe hybridization; 
and chemically stable .hybridization probes.. This 
method has been a/plied successfully to the localization of 
reitterated and /inique DNA sequences in the polytene chro- 
mosome of Drosofrhila milanogaster and satellite DNA on 
mouse metaphase chromosomes. 

/ i 
Thus It has/been found that polytene chromosomes could be 
used as a /est system for establishing the efficacy of 
probes us/ng the modified nucleotides according to th? 
instant invention as detected by indirect immunofluor- 
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escence for in situ gene mapping. The probes include^ a 
variety of cloned Dcosoohila sequences obtained fronr Otto 
Schmidt and Dieter Sflli, such as tRNA genes cloned/in 
plasmid vectors with inserts of sizes ranging fr^m about 5 
to about 22 kilobases. Many of these clones have already 
been assigned to specific bands on the Drosopjiila chromosome 
map by conventional in situ hybridization methods employing 
radioisotopes, • / 

DNA probes were nick translated in the Presence of Bio-dUTP. 
Occasionally 3 H dATP and/or 3 H dCTP wa£ included in the nick 
translation reaction mixture. This ^allowed both autoradio- 
graphic and immunof luorescent localization of a se- 
quence on a single chromosone spread, in situ hybridi- 
zation was performed as described in M.L. Pardue, and J.G. 
Gall, Methods in Cell Biol., 1£, 1 (1975). After the final 
2 x SSC wash to remove unhybcldized probe, the slides were 
rinsed with PBS (phosphate buffered saline) .and incubated at 
37° C with 2.5'pg/ml Rabbi/ anti-biot in in PBS and 10 mg/ml 
BSA for 2-16 hours. Thi^ was followed by incubation of the 
slides with FITC labeled^ Goat anti-Rabbit IgG (Miles Labora- 
tories, diluted 1:100 in PBS and 10 mg/ml BSA) for one-four 
hours* Evans Blue wap often required as a red counterstain 
to see the chromosomes with fluorescent illumination. 

When plasmids pBR 17D and pPW 539 containing 5 Kb and 22 Kb 
inserts, respectively, were hybridized by this method, it 
was found that t,ne pattern of hybridization is reproducible 
from spread* *to spread and is observed unambiguously on 
greater than 9y01 of the chromosome spreads on a given slide. 

The cloned t/ansposable element pAC 104 is known to map at 
many sites along the Drosophlla genome. Comparison of the 
autoradiograph and the fluorescent picture obtained by in 
situ hybridization of this probe illustrates a major ad- 
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^5HEU"-of this method, i.e., that where diffuse regies of 
I ! a$*t grains appear on an autoradiograph, doublets <*r a 
\ seiies of bands are discernible .by inununof luorescent. label- 



's . I- > 

I' 



' the' other immediately obvious advantage of thi^ method is 
,1 thfctremendous decrease in time required for/gene asslgn- 
...f mepfes to be made by indirect immunofluorescence. An as- : 
signment of a DNA fragment to a specific t/and.can be made 
wl'thin six hours of hybridization. This/is in comparison to 
daVs or 'weeks required for autoradiographic exposure 
Wthodsl This factor, in combinational th increased resolu- 
tion, makes the use of modified nuc/eotidea detected by in- 
direct ! immunofluorescence immediately preferable to more 

.VI' / 

classical methods. 
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iltlihas been shown that this Immunological method also works 
Uth mammalian chromosomes w/erein satellite DMA has been | 
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m^ped to the centromeric regions of mouse metaphase chromo- 
'somes. : \The result provides a basic foundation for the 
•development of a simple a4ne mapping procedure for single 
copy (unique) sequences /in chromosomes from human and other 
•mammals. Such a proce/ure should greatly facilitate our 
'.understanding of the /enetic organization of the; chromosome 
'aid make clinical cy/ogenetic diagnosis much more rapid and 

, I;' 7 

: practical. 

. J;' ill ! , 

! ihile a single-step "antibody sandwich" method in which the 
^chromosome sprJd is challenged, post-hybridization, with 
'.(fabbit anti-biotin IgG may succeed, this protocol.may not 
'^lerterate sufficient fluorescence foe unambiguous gene as- 
signments. However, a much stronger fluorometric signal can 

He achieved L using the "haptene-antibody sandwich tech- 
nique" described by Lamm, et al . , (1972); Wofsy, et al., 

• ; Si i i974). P this P^«=e duce the p cim "y a" tibod y' ln out case 
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file, 



ant 

if 



_. ... _, r rabbit anti-biotin ji'llgG, is chemically m6dified 

iWlhh: atn&ptenization reagent, such as 2, 4-dinitrofl*fort>- 
Binidh^f preferably while the immunoglobulin is bound } fco an 



.gen (Affinity column (biotin-Sepharose TM) 
20. r jhaptene (DNP) groups can be coupled to ti 



\s many as 
primary. 



antibody)! without decreasing its Antigen binding affinity; or 
sbWificity (Wallace and Wofsy, 1979), if the • primary; 1 I . 
antibody, treatment bf the test sample is followed by an • 
jin^Ubatibn with a fluorescently labeled ahti-hapten IgG 
jiri^|bodyj, * rather than a fluorescently Labeled anti-IgG, a S- 
i^iHalti 'increase in fluorescence signaVcan be ( achieved* 
.jSiij :e.j one also has: available monospecific guinea pig.anti- , 
jD^!l^G/| we can haptenize this secondary antibody with bio- 
jtii| (and!; thus generate two anti-hapten IgG populations, DNPf 
jl ( al||^lBdji|anti-blotin IgG and biotfln-labeled anti-DNP IgG. If 
jth6|6jcj^n be used alternately to achieve several rounds of 
^antibody sandwiching /and then followed with fluor- ' 

om Staphylococcus aureus , which ; 
(blecules from many mammalian ! 
an enormous amplification of the ; 



escently labeled protein A 
ibirtdsi specif ically to IgG mc 

;spliit*sJ it could result fn 

I •* "T " * 'i "' / 

iptimaryj! antibody signal with its concomitant utility. 
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: fhj&i protein streptaviydin from . Streptomyces avidlhl is .a 
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■potential alternative to anti-biotin IgG as a vehicle to 
.lipecif ibally direct/ a coupled visualization system [e*g., 
j iitiofceaient probe/ (above) or histochemical reagents (below) J 
|o|the|iite of thfe hybridized biotin-containing polynucleo- . 
l'^ 1 ^*^ 06 of stfteptavidin's advantages over anti-biotin 
■ ^ ^iHH ^ X^^t f ffe*^^ fe ^ It/ affinity for biotin is K as3n - lo" whereas 
" i| s ^, ocia M on constants for haptene-IgG interactions are 

ntii to 10 10 ,/ The fast reaction rate and extreme affinity ; 
'main '.-that tMe time required to localize the biotinized 

dbe'wiil/be minutes with streptavidin versus hours with 

ft ; |. / . 

ogic t reagents • 
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initial evaluations of a atreptavldin detection 

„iotini*,d H prob.s "ill ba '"" b «« d * ' * f albumin 

Eoilcw.d by a subsequent incubation with bo " n * "7^ 
which has baan doubly labalad with biotin and PITC/ ( C 
biotinyl-BSA,. Sine, only on. o f th. four strap/a ««» 
subunits is lively to ba involved in blndin, at/.ach blot n 
i d sita. potentially ona labalad HA -jfa 1 *.™^ 
to aach of tha remainin, three nonconjucatad/subunrts of the 
r tavidih-blotinyl nucleotide complex. A "™« 
sl ,„al from this sincl. str.ptavidin ♦ "f ' b h l "^ BSA 
layer will ba compared with a control uslAg tha basic 
•antibody sandwich method' described 

It tha "antibody sandwich- and str.p/vidin <■ FITC, blotinyl- 
A taction intensities are cepacia, ona can atta.pt to 
enh.no, tha streptavldin ♦ FIR. b/ctinyi-BSA system o 

„,la-copy copy sensitivity in a/manner ^« 
m „ltiple -haptana-antibody sand./ch" approac h = 
Of biotin croups on BSA will no/ ba bound to tha first ay . 
of streptavldin. a second UyJ of str.ptavidin can be dd.d 
until sufficient alonal is opined. For example f « th. 
second layer, only two streoUidln protomets bind to aach 
first-layer BSA and aach 0/ these streptavldin prctcmers 
binds three FITC-biotinyl /sa molecules, than the second 
aayer intensity will be.«wi=« as » 
: first for the *fi* layer, with analogs bind in, 

stoichiomet.ies. the f/uor,sc.nt intensity -ill be . -o d 
that of the first layZ. so the total int.nsm will t.p^.y 
increase with succes/ively added layers. 
There are plans to 7se a larger carrier protein such as 
• t yroclobulin rath/r than BSA in order' to maximize amoun 
^attached fluor/scent and biotin probes. « 
: necessary to use/a lonoac linker arm between the b.ot n 
^obe and th, c/rrier protein. A lonoer linker ar, . . cu c 
: starlcally opt/»i*e the theoretical delivery cf a b.otin.rao 
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fluocescent carrier molecule to each noncon jugated streptavidin 
subunit and maximize the number of streptavidin protome/s 
in the subsequent layer which will bind to the bictin/zed 
fluorescent carrier. As before, appropriate control^ will 
be done to insure that substitution of the carrier/protein 
with fluorescent probes and biotin does not cause/solubility 
and/or nonspecific binding problems. / 

The streptavidin-carrier protein delivery system has two 
significant advantages over the immunf luore/scent approach 
in addition to its speed of delivery. Fl/st, only two 
protein components are needed to form th* layers. Second, 
only the carrier protein needs to be modified and it is 
not necessary to maintain functional L even total structural 
integrity as long as the biotin groups are accessible to 
streptavidin. / 

An alternative to the fluorescence method for visualizing 
hybridized probes is to direct /enzymes such as peroxidase, 
alkaline phosphatase of $-gal/ctosidase to the hybridization 
site where enzymatic convers/on of soluble substrates to 
insoluble colored precipitates permits light microscope, 
visualization. The important advantage of this technique 
Is that the histochemica/ methods are 10 to 100-fold more 
sensitive than fluorescence- detection. In addition, the 
colored precipitates do not bleach with extensive light 
exposure thus avoiding one of the general disadvantages 
of fluorescent light /microscopy . These enzymes can be 
coupled to the fina/ antibody instead of fluorescent probes 
in the "haptene-anbfibody sandwich" technique using bifunctional 
reagents such as glutar aldehyde or in the case of peroxidase 
via oxidation of /the peroxidase carbohydrate moieties to 
aldehydes and co/pling of these residues with s-amino groups 
of the. desired protein. For "the streptavidin-biotinized 
carrier protei/ method, an enzyme with biotinyl groups 
coupled to it/could replace a fluor escently-biotinized 
carrier syst/m. Alternately, the enzyme could be coupled 
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' via biotin to the last layer of stcoptavidin with amp^cat.on 
of streptavidin sites being built up in preceding layers 

ling bltinized BSA or thyroglobul in . We will beg^ develop- 
Ing L necessary historical reagents and ^opnat, 
substrate/insoluble product combinations for " f li2 ^ 
in situ hybridizations without background problems in the 
ZjfJL. The historical approaches to/ignal ampl^ca- 
tion should therefore be ready for trial in/he summer 
of 1981- / 

Detecting and/or imaging very 1- !•«/ > £ 
light is possible -sin, currently ava^.b!. rmage int.nsrf 
.r system, composed of. lasers ana ph7tomultipU,r, T ... 
methods permit th. deletion of li^ *« to the lev 
o£ individual photons. «ith suit/bl. digital ptocssn, 
systems, images =an be produced/„ which each po nt. 1... 
„ch pixel, or the image i. st/ictly proper trona! to the 
number o£ photons emitted by /point at the ob act Osm, 
systems of this Kind or flow/systems in which th. c.lls 
or parts o£ cells flow pas/a la..r beam, one can obtain 
deletion sensitivity inc/eases tor fluorescent material 
of factors between 100 a/d 1000 beyond that which can be 
detected by th, eye. t/u increase is sufficient to detect 
the fluorescance of si/gle copy genes. 

In , preferred modi/cation, analogs of dUTP, and OTP that 
contain a biotin molecule coval.ntly bound to the C-5 posi- 
tion of the pyridine iin, through an allylamine. 
have been synthesL.d. Th.s. blotinyl-nucleotides are « - 
ficient substtatZs for a variety of »E and >» polymeries 
in vitro. D^Xntaining lew levels of biotin substitute 
^"molecules L lessAilobas.) has denaturation. reasscc- 
iation and hy/r idUation characteristics which , indls- 
tlnguishable/from that of unsubstituted control DKft. 

Thus, this/invention also provides a method of chromosomal 
.aryotypl. In this method, modified polynucleotides are 
o, .Xhich correspond to *now„ genes and include mod- 
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fied nucleotides. These polynucleotides are hybr idized^ith 
chromosomal deoxyribonucleic acid and the resulting duplexes 
contacted with appropriate polypeptides under suitab/e con- 
ditions to permit complex formation. The polypeptides in- 
clude detectable moieties so that the location of/the com- 
plexes can be determined and the location of specific genes 
thereby fixed. 

Another embodiment of this invention involv/s detection of 
poly A-containing sequences using poly U Vh which some of 
the uracil bases have been" modified to c/ntain a probe. Yet 
another embodiment involves cyclic modified nucleotides 
which two of x, y, and* are reacted t/ form the cyclic moiety 

1 I 

°N/° 

Ah 

Such cyclic modified nucleotides' may then be used to iden- 
tify hormone receptor sites of cell surfaces which in turn 
n be used as a method of detecting cancer or tumor cells. 



ca 



Finally, tumor cells can /e diagnosed by preparing poly- 
nucleotides which are mo/ifisd according to this invention 
and are complementary Jo. the messenger ribonucleic acid 
synthesized from a de^xyr ibonuclelc acid gene sequence 
associated with the /roduction of polypeptides, such 
as a-fetal proteir/br carcinoembryonic antigen, the pres- 
ence of which is diagnostic for specific tumor cells. Hy- 
bridization and /etection of hybrid duplexes thus would 
provide a method for detecting the tumor cells. 

The examples/which follow are set forth to illustrate var- 
ious aspect/ of the present invention but are not intended 
to limit In any way its scope as more particularly set forth 
in the c}/&Lma. 
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Exu.ole 1 and 2 



Synthesis of biotinyl - UTP and biotinyl - dUTP 

a) Preparation of tMercurated Nucleotides 

UTP (570 mg, 1*0 mmole) or dUTP 554 mg, 1.0 mmoletf was 
dissolved in 100 ml of 0.1 M sodium acetate buffer pH 
6,0, and mercuric acetate (1.59 gm, 5.0 mmole^) added. 
The solution was heated at 50 °C for 4 hours/ then cooled 
on ice. Lithium chloride (392 mg, 9.0 mmo/es) was added 
and the solution extracted six times withr an equal vol- 
ume of ethyl acetate to remoye . excess EgCl2. The effi- 
ciency of the extraction process was maihitored by esti- 
mating the mercuric ion concentration in the organic 
layer using 4, 4' -bis (dimethylaminfe) -thiobenzophenone 
(A.N. Christoper, Analyst, 94, 39/(1969). The extent 
of nucleotide mercuration, determined; spectrophotomet- 
rically following iodination of an aliquot of the aqueous 
solution as described by Dale/et al. (R.M.K. Dale, D.C. 
Ward, D.C. Livingston, and Martin, Nucleic Acid Res. 
2, 915 [1975]), was routinely between 90 and 100%. The 
nucleotide products in the/ aqueous layer, which often be- 
came cloudy during the e/hyl acetate extraction, were 
precipitated by the addition of three volumes of ice- 
cold ethanol and collected by centrifugation. The pre- 
cipitate was washed twice with cold absolute ethanol, 
once with ethyl ethefc, and then air dried, These thus 
prepared mercurated nucleotides were used for the synthe- 
sis of the allylajftine-riucleotides without further, puri- 
fication. 

b). Synthe sis/o f allylamine - dUTP and all vlamine - UTP 

The mercurated nucleotides (of step a) were dissolved in 
0.1 M sodium acetate buffer at pH 5.0, and adjusted to a 
concentration of 20mM (200 OD/ml at 267 nm) . A fresh 2.0 



M solution of allylamine acetate in aqueous acetic acid/ 
was prepared by slowly adding 1.5 ml of allylamine (Ls. 3 
mmoles) to 8.5 ml of ice-cold 4 M acetic acid.. Thre^ ml 
(6.0 mmoles) of the neutralized allylamine stock wa& added 
to 25 ml (0.5 mmole) of nucleotide solution. One/nucleo- 
tide equivalent of K 2 PdCl 4 , (163 mg, 0.5 mmole/, dis- 
solved in 4 ml of water, was then added to initiate the 
reaction. Upon addition of the palladium salt (Alfa- 
Ventron) the solution gradually turned bla/ck with metal 
(Hg and Pd) deposits appearing on the wa]As of the re- 
action vessel. After standing at room /temperature for 
18-24 hours, the reaction mixture was/passed through a 
0.45 mm membrane filter (nalgene) to^ remove most of the 
remaining metal precipitate. The /ellow filtrate was di- 
luted five-fold and applied to a/100 ml column of DEAE- 
Sephadex TM A-25 (Pharmacia) . Xfter washing with one 
column volume of 0.1 M sodium Acetate buffer at pH 5.0, 
the products were eluted usi/g a one liter linear gradi- 
ent (0.1-0.6 M) of either aodium acetate at pH * 8-9, 
or tri ethyl ammonium bicarbonate (TEAB) at pH 7.5. The 
desired product was in the major UV- absorbing portion 
which eluted between 0y30 and 0.35 M salt. Spectral ana- 
lysis showed that thi/peak contained several products, 
final purification wsfs achieved by reverse phase - HPLC 
chromatography on columns of Partisil - ODS2, using either 
0.5H NH4H2PO4 b&ffer at pH 3.3 (analytical separations) 
or 0.5 M triethyyammonium acetate at pH 4.3 (preparative 
separations) as/eluents. The 5 1 -triphosphates of 5- 
(3 -aminopropen/l-yl) uridine (the allylamine adduct to 
uridine) were/the last portions to be eluted from the HPLC 
column and tfrey were clearly resolved from three, as yet u 
racterized, /contaminants. These nucleotides were charac- 
terized by/proton NMR elemental analysis tAA-dUTP (C 12 

H 16 N 3 °l/4 ? 3 Ma 4* 1 H 2 0) 1 thaor * C ' 22 * 91; H ' 2#88? N/ 
6.68? P,/ 14.77. Found, C, 23.10? H, 2.85? N,6.49? P, 14.75 



AA-UTP (C 12 H 16 "H 3 O l5 P 3 Na 4 .«,<», Theory, C 20.61, / 
H, 3.46, " 6 01, P, 13.3. Found C, 20.67, H, 4.11, / 
N, 5.39, P, 13.541 spectrally and chromatographically . / 

c) Biotination of AA-dU TP or AA-OTP. / 
Biotinyl-N-hydroxysuccinimide ester (NHSB) was prepared 
from biotin (Sigma) as described previously (H^eitzmann 
and P.M. Richards, Proc. Natl. Acad.Sci. USA. ft, .3537 
(19741). AA-dUTP-H 2 0 (63 mg, 0.1 mmole) or. AA-0TP-.4H 2 O 
(70 mg, 0.1 mmole) was dissolved in 20 ml ofO.l H sodium 
borate buffer at P H 8.5, and HHSB (34.1 mg/ 0.1 mmole) 
dissolved in 2 ml of dimethyl f ormamide , /was added. The. 
reaction mixture was left at room tempe/ature for four 
hours and then loaded directly onto a Ad ml column of 
DEAE-Sephadex TM A-25 , preequilJjWd with 0.1 M TEAB 
at P H 7.5. The column was eluted w/th a 400 ml linear 
gradient (0.1-0.9 M) of TEAB. Fractions containing 
biotinyl-dOTP or biotinyl-OTP , which eluted between 0.55 
and 0. 65 M TEAB, were desalted by rotary evaporation in 
the presense of methanol and r/dissolved in water. Oc- 
caionally a slightly cloudy s/lution was obtained: this 
turbidity, due to a contaminant in some TEAB solutions, 
was removed by filtration tl/rough a 0.45 mm filter. For 
long term storage, the nuc/eotides were converted to the 
sodium salt by briefly stirring the solution in the pre- 
sence of Dowex TM 50 (Naf form). After filtration the 
nucleotide was precipit/ted by the addition of three vol- 
umes of cold ethanol, Vashed with «thyl ether, dried in 
vacuo over sodium hyd/oxide pellets, and stored in a des- 
sicator at -20-C. p/r immediate use, the nucleotide so- 
lution was made 20 A in Tris-HCl at pH 7.5, and adjusted 
to a final nucleot/de concentration of 5 mM. Stock solu- 
tions were stored /frozen at -20 8 C. 

Elemental analys/s of the bio-dUTP and bio-OTP products 
yielded the fol/owing results. Bio-dOTP (C 22 H 3 0 N 5 
Oia P 3 SI Ha 4 ./l H 2 0). Theoretical, C 29-30, H , 3.38, 



N, 7.89; P, 10.47; S. 3.61. Found; C, 30.14 H, 3.22? N ; 
7.63; P, 10.31; S, 3.70.: Bic-UTP (C 22 H 30 N 5 °19 p 3 
Na4 "3 H2O) : Theoretical; C, 29.15; H, 3.19; N, 7 
P, 9.89; S, 3.41. Pound; C, 28.76; H, 3.35; N, 7.j 
P, 9.81; S, 3.32. 
The spectral properties of bio-dUTP and bio-UTP/at pH 7.5 
( X max, 289 ran ( e =• 7,100); X max, 240 tun (A -10,700); 
X min, 262 ran ( e=4 , 300)1 reflect the presence of an 
exocylic double-bond in conjugation with th/ pyrimidine 
ring. These nucleotides also give a strong positive re- 
action (an orange-red color) when treatecfwith p-dimethyl- 
aminocinnamaldehyde in ethanolic sulfur/c acid, a proce- 
dure used for biotin quantitation (D.B/ McCormick and J. A, 
Roth, Anal. Biochem., 34, 32,6, 1970)/ However, they no 
longer react with ninhydrin, a characteristic reaction 
of the AA-dUTP and AA-UTP starting/materials. 



Examples 3 



Synthesis of biotinyl-CTP and / biotinvl-dCTP 
CTP and dCTP were a) mercurat/ed, b) reacted with allyla- 
mine, and c) biotinized withf NHS-biotin, essentially as 
described in Example 1. CTP (56.3 mg, 0.1 mmole) or dCTP 
(59.1 rag, 0.1 mmole) were/dissolved in 20 ml of 0.1 M 
sodium acetate buffer at/pH 5.0, and mercuric acetate 
(0.159 gra, 0.5 mmoles) /dded. The solution was heated 
at 50 9 C for 4.5 hours 'then cooled on ice. Lithium 
chloride (39.2 mg, 0./ mmoles) was added and the solution 
extracted 6 times with ethyl acetate. The nucleotide 
products in the aqfteous layer were precipitated by the 
addition of three ^olumes of cold ethanol and the pre- 
cipitate collected by centrifugation. The precipitate 
was washed with /bsolute ethanol, ethyl ether, and then 
air dried. Thes/e products were used without further 
purification far the synthesis of AA-CTP and AA-dCTP, 



respectively. The raercurated nucleotides were disso^ 
i„ 0.1 M sodium acetate buffer at P H 5.0 and adj>— 
to a concentration of 10 mM (92 OD/ml at 275 nm).yr.6 
nd (1.2 mmole) of a 2.0 M allylamine acetate stoc^ (pre- 
pared as described in Example 1) was added to 10/ml of 
nucleotide solution (0.1 mmole) followed by th/ addition 
of K„PdCl 4 (32.6 mg, 0.1 mmole), dissolved iVl.O ml of 
H 2 o/ After standing at room temperature fo/ 2 4 hours, 
the solution was filtered through a 0.45 mM membrane to 
remove metal precipates. The filtrate w/s diluted five- 
fold and loaded onto a 50 ml- column of ^EAE-sephadex A-25, 
preequilibrated with 50 mM TEAS at pH/7.5. The nucleotide 
products were fractionated by applic/tion of a 500 ml lin- 
ear gradient (0.05-0.6 M) of TEAB a/c pH 7.5. The desired 
product was in the major UV absorbing portion which eluted 
between 0.28 and 0.38 M salt. Tl/e pooled samples were de- 
salted by rotary evaporation, d/ssolved in 0.5 M triethyl- 
ammonium acetate at pH 4.2, arte final purification achieved 
by HPLC chromatography on co/umns of Partisil ODS-2, using 
0.5 M triethy.lammonium acet/te as the eluent. Appropriate 
fractions were pooled, lyophilized, and the products dis- 
solved i* H 2 0. The nucleotides were converted to the Na+ 
salt bv stirring briefly 7 in the presence of Dowex TM 50 
(Na+ form). After fil/ration> to remove the Dowex resin, 
the nucleotides were /recipitated by the addition of 3 
volumes of cold ethan/l. The precipitate was washed with 
ether and then air irled. Analytical results t AA-dCTP 

(C 12 H 17 N 4 013/^3 Na 4 ' 2H 20)' Theor *' C ' 22 AS '' *' 
2.63; N, 8.67, p/l4.40. Found C, 22.16, B. 2.89, M. 
8,77, P, 14.18./ AA-CTP (C 12 H 17 N 4 0 14 Na 4 - 2H 2 0) , 
Theory C 21.7/, H, 2.57; N, 8.46, P, 14.01. Found, C, 
22.03, H, 2.4/, N, 8.69; P, 13.81, Spectral properties 
in 0.1 M Bor/te buffer at pH 8.0, X max 301 nm '( * =6,400), 



X min 271 



( e =3,950) X max 250 nn ( c=9,700). Both 



AA-dCTP an/ AA-CTP give a positive ninhydrin test. 



X 
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AA-CTP (6-6 mg, 0,01 mraole) or AA-dCTF (6.4 rag, 0.01 mingle) 
was dissolved in 5 ml of 0,1 M sodium borate buffer ay pH 
8.5, and NHS-biotin (3.4 mg, 0.01 mmole) , dissolved in 0.2 
ml of dimethylformamide , was added. After sitting/at 
room temperature for 4 hours the sample was chroraaftographed 
on a 10 ml column of DEAE-Sephadex A-25, using a/150 ml 
linear gradient (0.1-0.9 M) of TEAB at pH 1.5, As eluent. 
Fractions containing biotinyl-CTP or biotiny lAdCT? , which 
eluted between 0.50 and 0.60 M TEAB, were p/oled, desalted 
by rotary evaporation, and after being adi^tsted to a final 
concentration of 5 mM in 0.02 M Tris-HCy buf f er at pH 7.5, 
were frozen at -20 °C. The products give a strong positive 
reaction for biotin with p-dimethylaminocinnamldehyde in 
ethanolic sulfuric acid but give a negative test for pri- 
mary amines when sprayed with ninh/drin. Further struc- 
tural characterization of these products is in progress. 

Examples 5 a4id 6 

Synthesis of Iminobiotinyl-UTP and Iminobiotinyl-dUTP 
Iminobiotin hydrobromide wars prepared from biotin as de- 
scribed previously (K. Uo/mann, D.B. Melville and V. du 
Vigneaud, J. Biol. Cheiruyi41, 207-211, 1941; K. Hofmann 
and A.B. Axelrod, Ibid../l87, 29-33, 1950), The N-hy- 
droxysuccinimide (NHS)/ ester of iminobiotin was prepared 
using the protocol previously described for the synthesis 
of NHS-Biotin (H. Hsfitzmann and F.M. Richards, Pi;oc. Nat.- 
Acad. Sci. USA, ,71/ 5537, 1974). AA-UTP (7.0 mg, 0.01 
mmole) or AA-dUTP/(6.3 mg, 0.01 mmole), prepared as de- 
tailed in examples 1 (part b), was dissolved in 5 ml of 
0.1 M sodium bofate buffer at pH 8.5, and NHS-iminobiotin 
(3.5 mg, 0.01 ihmole) , dissolved in 0.5 ml of dimethyl- 
formamide, was added. The reaction mixture was left at 
room tempera/ture for 12 hours and then loaded directly 
onto a 10 ml column of DEAE-Sephadex A-25, preequilibrated 



with 0.05 M TEAB at pH 7.5. The column was eluted wit> 
a 150 ml linear gradient (0,05-0.6 M) of TEAB. Fractions 
containing iminobiotin-UTP or iminobiotin-dUT? / whifch 
eluted between 0.35 and 0.40 M TEAB, were desalted by ro- 
tary evaporation in the presence of methanol andr dissolved 
in H20, The products contained a small amount of allyla- 
mine-nucleotide adduct as an impurity, as lodged by a 
weak positive result in the ninhydrin test:. Final puri- 
fication was achieved by affinity chromatography on avidin- 
sepharose. Fractions of the impure product , made 0.1 M in 
soldium borate buffer at pH'8.5, wersr applied to a 5 ml 
column of avidin-sepharose and washed with 25 ml of the 
same buffer. The column was then/ashed* with 50 mM ammonium 
acetate buffer at pH 4.0, which >4luted the desired imino- 
biotin-nucleotide product in a/sharp peak. The nucleotide 
was precipitated by the addiblon of 3 volumes of cold 
ethanol, washed with ethyle/her, dried in vacuo over so- 
dium hydroxide pellets and^ stored in a dessicator at -20 a C. 
Products were characterised by elemental analysis, as well 
as by spectral and chromatographic properties ♦ 

Examples 7 and 8 

Synthesis of NAGE-PTF and NAGS-dUTT 

Allyl (3 -amino- 2 -hydroxy-) propyl ether, abbreviated WAGE, 
was prepared from allyl glycidyl ether (Age) (obtained 
from Aldrich Chfemical* Co. ) . 10 ml of Age (84 mmole) was 
added slowly /(in a fume hood) to. 50 ml of 9 M ammonium 
hydroxide and the mixture allowed to stand at room tempera- 
ture for six hours. Excess ammonia was removed by rotary 
evaporation under reduced pressure to yield a viscous yel- 
low oil. /Analysis of this product by proton MMR showed 
that it Possessed the required structure. 5-mercuri-dUTP 
(0.1 mmole) or 5-mercuri-UTP (0.2 mmole) was dissolved in 
2-4 ml/of 0.2 M sodium acetate buffer at pH 5.0, and a 16 




l 

'H; ... 



fold molar excess of NAGE adjusted to pH 5.0 with 
acetic acid prior to use, was added. The final react 
volumes (4.3 and 8.4 ml) had nucleotide- concentrations 
of 43 and 42 mM, respectively. One equivalent of K2PdCl4 
(0.1 or 0.2 mmoles) was added to initiate the enaction. 
After standing at room temperature for 18 hours , the re- 
action mixtures were filtered through 0.45;/wM membranes 
the samples diluted five-fold, and chromabb graphed on 
columns of DEAE-Sephadex A-25, using lin/ar gradients 
(0.1-0.6 M) of sodium acetate. Fractions containing trfe 
desired products, as judged by their tfv spectra and cha- 
racteristic HPLC elution profiles on/partisil ODS-2 , were 
pooled, diluted, and further pur if i4d by rechromatography 
on DEAE-Sephadex using shallow gradients (0.1-0.5 M) of 
ammonium bicarbonate at pH 8.5. /under these conditions 
the majority of the; NAGE-dUTP (q/ NAGE-UTF) could be cleanly 
separated from residual impuri/ties. Proton NMR spectra 
were obtained at this stage off purif ication after the 
nucleotides were lyophilize/ and redissolved in D2<3. For 
elemental analysis, the pr/ducts were converted to their 
sodium salt form. Typical analytical results: Nage-dUTP 
<Cl5 H 22 N 3 0 16 P 3 n/ 4 • 2 H 2 0), Theory, C, 24.99; E,J 3 
M, 5.83; P, 12.88. Fouhd, C, 25.39 ; H, 3.71; N, 5.63; Pr 



12.88 



Example 9 



Uses yof L abeled DNA Sequences 
i , Karyotyping 
(a) Select f rom L human gene library some 100 to 200 clones 
Label them as described above, and for each clone locate 
its place or olaces of hybridi 2 ation visually or with a 
low-light- levZl video system* For those clones which 
correspond b6 a unique sequence gene this determines the 
location of/the cloned DNA on a particular human chromo- 
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some. Obtain several clones for each chromosome, Eafch 
of these labeled clones can be used to identify particu- 
lar chromosomes • ^hey can also be used in combination 
to identify each of the 4 6 chromosomes as being /one of 
the 22 autosomal pairs or the X or the ;Y. By Allowing 
one set of labeled clones to hybridize to thjf chromo- 
somes and then adding a fluorescent stain tp the label, 
the set of clones and their locations can foe visualized 
and' will flouresce with a particular colc/r. A second set 
of labeled clones could then be used and reacted with a 
second fluorescent dye* The same process can be repeated 
a: number of times. Thus one can, if ydesired, have sev- 
eral sets of fluorescent labels att/ched to the cellular 
DNA at different but specific locations on each of the 
chromosomes. These labels could he used for visual or 
computerized automatic karyotyping. 

(b) For automatic karyotyping^ne could use one set of 
clones to identify the approbate location of each of 
the 46 chromosomes by finding sets of spots corresponding 
to the number of labeling Ates on each chromosome. Thus, 
it is possible by compute/ analysis of the digitized images 
to determine if the chromosomes are suitably spread for 
further analysis. If i^ey are suitably spread, then one 
can use computer anal^is to identify each of the 'individ- 
ual chromosomes by thfe location and distribution of the 
labelled spots on each one. 

By using the fact jthat the fluorescent spots can be placed 
at specific locations on each chromosome/ one can carry out 
either manual or/automatic karyotyping very much more 
effectively than without such labels. 

II. Diagnosijs of Genetic Disorders 



By selecting the clones which bind specifically to a 
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particular chromosome, such as number 23, it is possible 
to count the number of copies of the particular chromo- 
some in a cell even if the chromosomes are not condensed 
at metaphase. Thus when fetal cells are obtain/d for 
prenatal', diagnosis of trisomy 21, the diagnosis can be 
done even if the chromosomes are not conden/ed at meta- 
phase. If necessary, two sets of labels caA be used- 
one which would be specific for chromosome 7 23 and one for 
some other chromosome. By measuring in iach cell the 
ratio of the two label's, which might hJ of different 
colors, it is possible to identify th/ cells which show 
an abnormal number of chromosomes number 23. This pro- 
cedure could be used either on slid4s with a low-light- 
level video system or in a flow c/tometer system using 
laser excitation. It can be usefl to determine any ab- 
normal chromosome number. / 

III. Microogranism Detection and Identification 

The labeling of specific sequences of DNA as described 
above permits identification and counting of .Jjidividual 
bacteria. In order to identify the individual bacteria 
to which a particular fragment of DNA hybridizes the sensi- 
tivity must Le such ti/at a single labelled structure can 
be detected. This ca4 be 'done using a low-light-level 
video system and computer summation of images, or by 
using some other d/vice for intensifying the light image. 
A flow system can/also be used if the sensitivity can be 
made sufficientl/ grand. If one immobilized the bacteria 
on a slide thei/ location could be found and the number 
of such fluorescent spots counted. This would provide a 
count of all ft those bacteria which contain Dtta which 
can hybridiz/whith the specific clone utilized. If the 
clone is selected as being specific for a particular strain 
or bacterid then one can count the number of organisms of 
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that strain. In addition, any antibiotic resistance/for 
which a particular gene has been identified could/be 
characterized in a similar way using, as a prober, the 
DNA sequence which is contained in the antibiotic re- 
sistance gene. In addition, a probe could bemused which 
is specific for a resistance plasmid contaiiAng one or more 
antibiotic resistance genes. In addition to individual 
bacteria, groups of bacterial cells of a ^particular 
strain can be detected and their number /estimated if 
they are located in a small spot so thart the total flu- 
orescence specific to the hybridized G»NA in the spot can 
be measured. In this way the number /of organisms con- 
taining a specific DNA sequence can/be measured in a mixture 
of bacteria. 
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By way of additional background with respect to the, 
utilization of the biotin-polymicleotides of the Zove- 
identified Langer et al article in Proc. Natl. Jad. 
Sci. USA, the publication by P. r. Langer -Safe/HlT 
Levine and D. C. Ward in Genetics entitled 
Immunlogical Method for Mapping Genes on Dr^ophila 
Polytene Chromosomes", describes a method Employing 
biotinated nucleotides as a probe for th/localization 
of DNA sequences hybridized in situ to /rosophlla 
polytene chromosomes. In this application these probes 
are detected using affinity pur if ied /rabbit antibiotin 
antibody as the primary antibody an/ fluorescenated goat 
antirabbit antibody as the secondary antibody. The 
disclosures of this Langer-Saf er At al publication in 
Genetlcs are also incorporated /nd made part of this 
disclosure. 

Other techniques employing h/ot in-labeled reagents with 
avidin or enzyme-labeled av/din reagents are known for 
the detection and determination of ligands in a liquid 
medium, see U.S. Patent 4^228,237. Also, it is known v to 
effect gene enrichment b4sed on avidin-biotin inter- 
action, particularly as/ applied to Drosophila ribosomal 
RNA genes, see the J. banning, M. Pellegrini and N. 
Davidson publication in Biochemistry . Vol. 16, No. 7, 
pages .1364-1369 (197/7). Other publications of 
background interest/with respect to the practices of 
this invention are/ the D. J. Eckermann and R. H. Symons 
article entitled /sequence at the Site of Attachment of 
an Affinity-LabJ Derivative of Puromycin on 23-S Ribo- 
somal RNA of Escherichia coli Ribosomes", J_. Biochem 
82, 225-234 (1^78); the article by S. B . Zimmesman, S. 
R. Romberg a/d A* Romberg entitled "Glucosylation of 
Deoxyribonucleic Acid-II -Glucosyl Transferases from 
T2- and T6-4nf ected Escherichia coli in The Journal, of 
Biological / chemistry , Vol. 237, No. 2, February 1962, 



and the article by J. Josse and A. Romberg "III. <K; 
and /7-Glucosyl Transferases from T4-Infected Escherichia 
coli" , also appearing in The Journal of Biologic 
Chemistry , Vol . 237, No, 6, June 1962. 

Of furtjher interest in connection with the Practices of 

this invention are the publications appealing in the J . 

Biol. Chem. , Vol. 236 , No. 5, May 1961 r i/ages 

1487-1493; the same publication; Vol. 2jfl , No. 4, pages 

1251-1259 (1962); the same publication/vol . 239, No. 9, 

pages 2957-2963 (1964) . Of special i/hterest is the 

article appearing The Journal of Histochemistry and 

Cytochemistry , Vol. 27, No. 8, pag/s 1131-1139 (1979) 

and in the publication Nucleic Ac/ds Research , Vol. 5, 

No. 9, 1977, pages 2961-2973. Adso of interest is the 

article appearing in the publication Biochimica et 

7 —————— 1 

Biophysica Acta by A. De Waarcv entitled "Specificity 
Difference Between the Hydroxymethylcytosine /^-Glucosyl- 
Transferases Induced by Bacteriophages T2, T4 and T6", 
pages 286-304, and also the article by T. W. North and 
C. K. Mathews entitled "Tf Phage-Coded Deoxycytidylate 
Hydroxymethylase : Purification and Studies in Inter- 
molecular Interactions" J published by Academic Press, 
1977, pages 898-904 ancy the article by E. A. Bayer and 
M. Wilchek entitled "The Use of Avidin-Biotin Complex as 
a Tool in Molecular Biology in Methods of Biochemical 
Analysis , Vol. 26, g/ges 1-45 (1980) 



Other techniques useful in the practices of/this inven- 
tion include nick translation of DNA emplojfing DNA 
polymerase. A technique for effecting nick translation 
is disclosed in the article by P. W. Riar>y, M. Dieckmann, 
C; Rhodes and P. Berg entitled "Labeli/g Deoxyribonucleic 
Acid to High Specific Activity in vit/o by Nick Transla- 
tion with DNA Polymerase" in Moi/Biol. (1977), 113 , 
237-251. With respect to the reco/ery of streptavidin , 
such as from a culture broth of s/reptomyces avidinii , 
the article by K. Hofmann, S. W. Wood, C. C. Brinton, 
J . A. Montibeller and F« M. Finfri entitled "Iminobiotin 
Affinity Columns and their Apj/lication to Retrieval of 
Streptavidin" in Proc. Natl .Acad. Sci. USA, Vol, 77 , 
No- 8 r pp. 4666-4668 (1980)/ discloses a suitable 
approach for the recovery of streptavidin from a 
strepavidin-containing material, such as from a culture 
broth. Streptavidin is useful as a reagent in one of 
the practices of this invention. 

The aforementioned publications/ ane* jmpfefn incorporated 
?and made part of this * d isclosure J/ 

SUMMARY OF THE INVENTION 

In accordance with the practices of this invention 
nucleotides are modified, such as at the 5 position of 
pyrimidine or the 7 'position of purine, preparatory for 
the preparation therefrom of nucleotide probes suitable 
for attachment to or incorporation into DNA or other 
nucleic acid material. In the practices of this inven- 
tion nucleotides, i.e. nucleic acids, preferably are 
modified in a non-disruptive manner such that the 
resulting modified nucleotides are capable of incorpor- 
ation into nucleic acids and once incorporated in 
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nucleic acids the modified nucleotides do not signif- 
icantly interfere with the formation or stabilization of 
the double helix formed of the resulting nucleic acids 
containing the modified nucleotides. The non-disruptive 
modification of nucleotides and nucleic acids incorpor- 
ating such modified nucleotides is in contrast with 
those modifications of nucleotides which are character- 
ized as a disruptive modification in the sense that the 
resulting disruptively modified nucleotides and nucleic 
acids containing the same block proper double helix 
formation. In the practices of this invention, the 
nucleotides are desirably modified at the 5 position of 
the pyrimidine or the 7 position of the purine. The 
nucleotides so modified are non-disruptively modified 
and nucleic acids containing such nucleotides are 
capable of forming a double helix arrangement. 

Broadly, in another aspect of the practices of this 
invention various methods are useful for the tagging or 
labeling of DNA in a non-disruptive manner. For 
example, biotin is added on the end of a DNA or RNA 
molecule. The addition of biotin is accomplished by 
addition of a ribonucleotide. The 3*^A m * vicinal 
hydroxyl groups are oxidized by periodate oxidation and 
then reduced by a borohydride in the presence of biotin 
hydrazide. Alternatively, carbodiimide can also be used 
to couple biotin to- the aldehyde group. 

Another technique for tagging nucleic acid material such 
as DNA or RNA involves the addition of a large marker to 
the end of a DNA or RNA molecule. One example of this 
technique is the addition of a molecule, e.g. lysyl- 
glycine, where the amino groups are tagged with biotin. 
Another example would be to follow the procedure set 
forth hereinabove but employing carbodiimide as the 
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cross-linking agent. Still another example of this 
technique would be to produce a biotinylated dA:dU 
double helical polymer and to ligate this polymer to 
the probe prepared in accordance with this invention. 

Another technique for tagging DNA in a non-disruptive 
manner involves the isolation of dPyrTP having a 
putricine or spermidine on the 5 position from PS16 or 
phage- infected cells. If desired, dPyrTP is made from 
phage DNA and phosphoryla ted to dPyrTP followed by 
modification of the polyamine side chain by means of 
standard nucleophilic reagent NHS-biotin. 

Another technique for tagging DNA in a non-disruptive 
manner involves the addition of glucose to 5-hydroxy- 
methylcytosine (5 HMC) in DNA using T4 phage glycoslya- 
ting enzymes followed by screening by means of a lectin- 
based assay. 

Still another method for tagging DNA in a non-disruptive 
manner involves 5-HMC- triphosphate made from the 
hydrolysis of T4-DNA followed by phosphorylation of the 
5HMCMP to 5 HMCTP. 5HMCTP is then incorporated into DNA 
using polymerase I. Thus, any DNA can be modified to 
have non-disruptively incorporated therein 5 HMC, 

A method for tagging DNA in a mildly disruptive manner 
involves reacting' nucleic acids in the double helical 
form with alkylating reagents as for example benz(o)py- 
rene diol epoxide or aflatoxin. Under appropriate 
conditions the N 2 group of guanine, the N 4 group of A ^ en ' ,n 
a d e nosin e or the N 4 group of cytosine are alkylated. 
These modified nucleotides can be directly detected with 
antibodies or can be used as linking arms for' the 
addition of a reporter molecule such as biotin. 



The following examples are illustrative of various 
embodiments of the practices of this invention; 

EXAMPLE I 

Biotinyl-N-hydroxysuccinide ester (BNHS) was prepared 
according to a method of Becker et al , P.N.A.S. 68 2604 
(1971). Biotin (0,24 g,-1.0 mmol) .was dissolved in 5ml 
dry dimethylformamide. pi c y c lohoafylG a cbodimido (0.21 g f 
1.0 mmol) and N-hydroxysuccinimi.de (.12 g f 1,0 mmol) 
were added and the solution stirred at room temperature 
for 15 hours. After filtration of the subsequent 
precipitate, the filtrate was evaporated at reduced 
pressure, residue was washed twice with ethanol and 
«rowe4 from hot isopropyl alcohol to yield a white 
crystalline product having a m.p. of 216-218°C, 

EXAMPLE II 

Biotinyl-1 , 6-diaminohexane amide was prepared as 
follows; A solution of 1 , 6-diaminohexane (320 mg f 2.0 * 
mmol), dissolved in 50 ml water, was brought to pH 8.5 
by addition of carbon dioxide. Biotinyl-N-hydroxy-' 
succinimide ester (100 mg , 0.29 mmol), dissolved in 10 
ml dimethylformamide, was added. After 18 hours at room 
temperature the mixture was evaporated and the residue 
washed with ether and subsequently dried in a c^essicator. 
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EXAMPLE III 

Polybiotinylated poly-L-lysine was prepared by the 
following procedure. Polylysine (100 umol lysine) 
dissolved in 2 ml 0J M sodium borate, pH 8.5 was added 
to biotinyl-N-hydroxysuccimide ester (17.5 mg, 50 umol) 
dissolved in 0.5 ml dimethylformamide . After stirring 
at room temperature for 18 hours, the mixture was 
dialyzed against 10 mM tris buffer, pH 7.5. 

EXAMPLE IV 

01 igodeoxy ribonucleotides were end-labeled using 
cytidine,-5 f -triphosphate and terminal transferase as 
follows. Purified phage DNA, alkali sheared with 0.2 N 
sodium hydroxide and diluted to 2 A260 units/ml in 
potassium cacodylate (0.1 M) , tris base (25 mm), cobalt 
chloride (1 mM) and dithiothrei tol (0.2 M) were used. 
To this DNA solution (1 ml) was added cytidine-5 ' -tri- 
phosphate (10 mmol) and terminal transferase (200 units). 

After incubating at 37° for 5 to 8 hours the reaction 
was stopped by the addition of neutralized phenol (100 
ul), 0.5 M EDTA (100 ul) and If sodium dodecyl sulfate 
(100 ul). The DNA was purified by gel filtration- 
chromatography through Sephadex G-100 followed by 
precipitation with ethanol. 



EXAMPLE V 



Biotin and polybiotinylated P ol y~^J^^ e were cou P led 
to oligor ibonucieotides using a ^fta^ odimiri a coupling 
procedure described by Halloran and Parker, Immunol . , 
96 373 (1966). As an example, DNA (1 ug/ml) , 1 ml) in 
tris buffer pH 8.2, sheared with 0.1 N sodium hydroxide 
was denatured by boiling for 10 minutes and quick 
cooling in an ice bath. Biotinyl-1 , 6-diaminohexane 
amide (2 mg , 6 umol) or polybiotinylated poly-L-lysine 
(2 mg) and l-ethyl-3-diisopropylaminocar boimide HC1 (10 
mg, 64 umol) were added, and the pH readjusted to 8.2. 
After 24 hours at room temperature in the dark, the 
mixture was dialyzed against 10 mM tris buffered saline. 
DNA was precipitated ethanol. 

EXAMPLE VI 

Biotin, conjugated to cytochrome C, was prepared by the 
following procedure. To a solution of cytochrome C (10 
mg) in 1 ml of 0.1 M sodium borate, pH 8 . 5 was added „. 
biotinyl-N-hydroxysuccinimide ester (10 mg , 29 umol) in 
1 ml dimethyl formamide. After 4 hours at room tempera- 
ture, the biotinylated protein was purified by gel 
filtration chromatography through a Sephadex G-50 column. 



EXAMPLE VII 



Formaldehyde coupling of cytochrome C-biotin and 
polybiotinylated poly-L-lysine to oligodeoxyr ibonucleo- 
tides were carried out using a method similar to that 
described by Manning et al , Chromosoma, 53, 107 (1975). 
Oligodeoxyribonucleotide fragments obtained by sodium 
hydroxide shearing of purified DNA (100 ug/ml in 10 mM 
tr iethanolamine, pH 7.8 were denatured by boiling for 10 
minutes followed by quick cooling in ice. Cytochrome C- 
biotin 0,05 g ml or polybiotinylated poly-L-lysine 
solution (0,05 ml) dissolved 3 mg/ml in 10 mM triethan- 
olamine, pH 7.8 was added to 1 ml at the denatured 
oligodeoxyribonucleotide solution along with 0.1 ml of 
6% formaldehyde in 10 mM tr iethanolamine , pH 7.8. After 
stirring at 40° for 30 minutes the mixture was dialyzed 
against the same buffer. The oligodeoxyribonucleotide- 
biotin complex was finally purified by gel filtration 
chromatography on Sephadex G-100 followed by precipita- 
tion from ethanol. 
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EXAMPLE VIII 



Double stranded polydeoxyadenylic acid :polybiotinylated 
deoxyuridylic acid was synthesized as follows. The 
double stranded oligonucleotide polydeoxyadenylic 
acidtpolythymidylic acid (20 ug) of length 300 basic 
pairs, dissolved in 200 ul exonuclease III buffer 
consisting of Tris-HCl P H 8.0 (70 mM) , magnesium 
chloride (1.0 mM) and dithiothreitol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at 20°C. The partially digested oligonucleotide was 
immediately extracted with phen6l, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCl P H 7.6 and incubated at 20°C. for 2 hours in a 
reaction containing 2'-deoxy- adenosine-5 • -triphosphate 
(15 uM) thymidine-5' -triphosphate (the amount determines 
the degree of substitution) and biotinylated 5-(3-amino- 
1-propene) 2 , -deoxyuridine-5'-triphosphate (5 uM) , 
Klenow DMA polymerase I (200 units) dissolved in 0.1 mM/ 
potassium phosphate, pH 8.0 at a concentration of 0.2 
units/ul. The biotinylated poly dA.-poly dT, biotinyl dU 
was purified by gel filtration chromatography on 
Sephadex G-100. The DNA was enthanol precipitated and 
redissolved in 20 ul of solution containing sodium 
acetate pH 4.6 (30 mM) , sodium chloride (50 mM) . zinc 
sulfate (1 mM) and glycerol (5%). S], nuclease (200 units) 
was added, and the reaction was incubated at 37° for 10 
minutes. The reaction was stopped with 1 ml ammonium 
acetate (4 M) and 6 ml ethanol. The DNA was repurified 
by G-100 gel filtration chromatography and ethanol 
precipitation. 



EXAMPLE IX 



Ligation of poly dA:poiy dT, biotinyl dU to oligodeoxy- 
ribonucleotides was accomplished as follows: DNA 
fragments from alkali sheared purified DNA (as described 
in Example VIII) were digested with Si nuclease and 
repurified by phenol extraction and ethanol precipita- 
tion. Blunt ended DNA fragments (1 ug) and poly dArpoly 
dT, biotinyl dU (2 ug) were dissolved in 6 ul at a 
buffer containing tris-HCl pH 7.4 (66 mM) , magnesium 
chloride (6.6 mM) , adenosine triphosphate (24 mM) and 
dithiothreitol (l.OmM), T4 DNA ligase (50 units) was 
added, and the volume brought to 20 ul with water. The 
reaction was incubated 3 hours at 37°C. The DNA was 
purified by gel filtration chromatography through 
Sephadex G-100 and was ethanol precipitated. 

EXAMPLE X 

5-Hydroxymethyl-2 , -deoxycytidylic acid was prepared by 
enzymatic hydrolysis of non glycosylated phage T4 DNA T 
Purified phage DNA (2 mg), dissolved in 1 ml 50 mM tris 
pH 7.4 and 10 mM magnesium chloride, was incubated 20 
hours with deoxyr ibonuclease I at 37°, The pH was 
adjusted to 9.0 and sodium chloride (20 mM) added. 
Snake venom phosphodiesterase (0.05 g units in 0.5 ml 
water) was added and incubation continued at 37° for 5 
hours. An additional 0.05 units phosphodiesterase was 
added and incubation continued 18 hours. Nucleotides 
were separated by gel filtration chromatography through 
Sephadex G-50. 5-hydroxymethyl-2 * -deoxycytidyl ic acid 
was purified by reverse phase high pressure liquid 
chromatography. 
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EX AMPLE XI 

5-(4-aminobutylaminomethyl)-2 , -deoxyuridylic acid was 
obtained by enzymatic hydrolysis of DNA from phage 0W- 
14. The phage was grown on Pseudomonas acidovorans 29 
according to Kropinski and Warren, Gen. Virol . 6, 85 
(1970), and the phage DNA purified according . to Kropinski 
et al, Biochem . 12, 151 (1973), The DNA was 
enzymatically hydrolyzed with deoxyr ibonuclease I and 
snake venom phosphodiesterase using the procedure 
described elsewhere (Example X). 5- (4-aminobutylamino- 
methyl)-2*-deoxyuridylic acid was purified by reverse 
phase high-pressure liquid chromatography. 

EXAMPLE XII 

Biotinylated-5-(4-aminobutylaminomethyl) -2'-deoxy- 
uridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester (70 mg 0,2 m mol) dissolved in 
1 ml dimethylformamide was added to 5- (4-aminobutyl- 
aminomethyl)-2 , -deoxyuridylic acid in 20 mi 0*1 M sodium 
borate pH 8.5. After 4 hours the solution was concen- 
trated to 0.5 ml by evaporation, and the biotinylated 
nucleotide was purified by reverse phase high pressure 
liquid chromatography. 
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EXAMPLE XIII 

5-formyl-2 ' -deoxyur idine prepared according to Mertes 
and Shipchandler , J± Heterocyclic Chem. 1, 751 (1970). 
5-hydroxymethylurioil (1 mmol) dissolved in 20 ml 
dimethylsulfonate was heated at 100°C. with manganese 
dioxide (2.5 mmol) for 15 minutes. The solvent was 
evaporated at reduced pressure. The residue was taken 
up in hot ethanol and recr ystallized from ethanol to 
yield 5-formyluracil f 5-formyluracil (0.10 g) was 
silylated and dissolved in dry acetonitrile (2.5 ml) % 2- 
deoxy-3,5-di-0-p-toluyl-D-ribofuranosyl chloride (Bhat, 
Syn. Froc« in Nucleic Acid Chem. , Vol. I, p. 521 (1968) 

(0,22 g) and molecular sieves (0.2 g) were added, and 
the mixture stirred at 25°C. for 40 hours under 
anhydrous conditions. The mixture was filtered and 
evaporated. The resulting oil was treated with 
anhydrous ethanol (2 ml) and chromatographed on silica 
gel to obtain the partially pure anomer which was re- 
crystallized from ethanol (M.P. 195-196°C.) The toluyl 
groups were removed by reaction of the product in 
methanol benzene with sodium methoxide. The mixture was 
neutralized with Dowex 50 (H + ) . 5-formyl-2 • -deoxyur idine 

was recrystallized from ethanol M.P. 175-176°C. 
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EX AMPLE XIV 

Biotin was coupled to 5-formyl-2 1 -deoxyur idine as follows 
To 5-formyl-2 '-deoxyur idine (.320 g, 1.0 mmol) dissolved 
in 300 ml 0,05 M sodium borate, was added biotinyl-1 ,6- 
diaminohexane amide (0.74 g, 2 mmol). After stirring 
one hour, sodium borohydride (0.2 g, 5 mmol) was added 
and stirring continued for an additional 4 hours 
followed by the addition of 8 ml 1M formic acid. The 
biotinated compound was purified by reverse phage HPLC 
eluting with methanol:0.5 M triethyl ammonium acetate, 
pH 4.0. 

EXAMPLE XV 

Biotin was coupled to 5-amino-2 , -deoxyuridine as follows: 
5-amino-2 '-deoxyur idine (0.24 g, 1 mmol), biotin (0.25 
g, 1 mmol) and dicyclohexylcarbaimide (0.21 g, 1 mmol) 
were dissolved in dry dimethyl formamide and stirred at 
room temperature overnight. After filtration 
and evaporation of the solvent, the residue was washed wi 
ether. The biotin-coupled product was purified by 
reverse phase high pressure liquid chromotography using 
a water methanol gradient. 



EXAMPLE XVI 



5- (oxy) acetic acid-2 '-deoxyur idine was prepared according 
to a procedure of Deschamps and DeClerq, Med. Chem. , 
21, 228 (1978). 5-hydroxy-2-deoxyur idine (282 mg, 1.15 
irnnol) was dissolved in 1.16 ml, IN potassium hydroxide 
(1.16 mmol) after which iodoacetic acid (603 mg, 3.4 
mmol) in 1 ml water was added. After reaction at room 
temperature for 48 hours IN HC1 (1.06 ml)' was added. 
Concentration of this solution and addition of ethanol 
yielded a precipitate which was filtered, washed with 
cold ethanol and recrystallized from hot ethanol. 

EXAMPLE XVII 

Biotinyl-1, 6-diaminohexane amide was coupled to 5- (oxy) 
acetic acid-2 ' -deoxyur idine as follows: Biotinyl-1 , 5- 
diaminohexane amide (0.74 g, 0,2 mmol), 5- (oxy) acetic 

gBgj^ ^^U 0,60 9 * 0,2 mmol) and dloycl ° • 

fttM c ylfragboimid o. (0.41 g, 0.2 mmol) were dissolved in 5 
ml dry dimethylformamide and remained overnight at room 
temperature. The reaction was subsequently filtered and 
the solvent removed by evaporation. The residue was 
washed withd.lN HC1 and ether. The biotinated uridine 
derivative was purified by reverse phase high pressure 
liquid chromatography using a water-methanol gradient. 
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EX AMPLE XVIII 



Phosphorylation of 5-substituted pyrimidine nucleosides 
was accomplished by the general procedure described 
below for biotinated-5-(oxy>acetic acid-2 ■ -deoxyur idine 
The nucleoside (0.16 g, 0.5 mmol, was dried by repeated 
evaporation from dry pyridine and redissolved in 10 ml 
dry pyridine. Monomethoxytr ityl chloride (0.30 g 0 8 
mmol, was added and the mixture stirred at room 
temperature in the dark for 18 hours. The solution was 
diluted with chloroform (200 ml, and extracted with 0 1 
M sodium bicarbonate. The organic layer was dried and 
evaporated. The tritylated nucleoside was redissolved 
in dry pyridine (20 ml, and acetylated by reaction at 
room temperature with acetic anhydride (0.1 ml 20 
m-nol,. The mixture was cooled to 4°C and methanol (40 
ml) added. After stirring 10 hours at room temperature, 
the reaction was concentrated by evaporation. The 
compound was detritylated by dissolving in i« benzene 
sulfonic acid in chloroform (20 ml). After evaporation 
of solvent the nucleoside was purified by chromatography 
on silica gel eluting with 21 methanol rchloroform. The 
3 '-acetylated nucleoside was dried by repeated evapora- 
tion of dry pyridine. A mixture of phosphorous - 
oxychloride (100 ul, 1 mmol ) , ^'ffl* frf ^SLulc 1 
(140 mg, 2.2 mmol) and tr iethylamine (260 ul, 2.0 mmol) ~ 
was stirred in 5 ml anhydrous dioxane at 10°-l,5Oc. for 
30 minutes and at room temperature for 1 hour." This was 
added to the 3 • -acetylated nucleoside, and the mixture 
stirred at room temperature for 1 hour after which it 
was cooled to 0°C. Water (5 ml, was added and the 
reaction stirred at room temperature for 18 hours. 
Barium chloride (100 mg, 5 mmol, was added and the 
barium salt of the nucleotide collected by filtration. 
The salt was washed with water and ether. The barium 
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salt was converted to the sodium salt by stirring with 
Dowex 50 (Na + form) in 10 ml water for 4 hours at room 
temperature. 2 N sodium hydroxide (2N f 10 ml) was 
added and the reaction stirred for 15 minutes at room 
temperature after which it was neutralized by addition 
of excess Dowex 50 (H+> form. The deacetylated 
nucleotide was concentrated by evaporation and purified 
by reverse phase high-pressure chromatography. 

EXAMPLE XIX 

5-substituted pyrimidine triphosphates were chemically 
prepared from their respective 5' monophosphates using a 
procedure of Mlchelson, ' Biochem Biophys Acta, 91, l, 
(1964). The example of 5-hydroxymethyl-2 ' -deoxycytidine 
5 '-triphosphate will be given. The others were similarl 
prepared. 5-hydroxymethyl-2 ' deoxycytidylic acid (free 
acid) (0.63 g, 0.2 mmol) was converted to its tri-n- 
octylammonium salt by suspending in methanol and 
addition of tri-n- octylammonium hydroxide (0.74 g, 0.2 
mmol) . The suspension was refluxed until a clear ' 
solution was obtained and the solvent removed under 
vacuum. The salt was dried by dissolution in and . 
subsequent evaporation from dry pyridine several times. 
To the salt, dissolved in dry dimethylforraamide (0.1 ml) 
and dioxane (1 ml) was added diphenylphosphochloridate 
(0.1 ml) and tr i-n-butylamine (0.2 ml). After 25 hours 
at room temperature, solvent was removed and ether was 
added to precipitate the nucleoside-5 '-diphenylpyro- 
phosphate. This was dissolved in dioxane (0.5 ml) and a 
solution of di(tri-n-butylammonium) pyrophosphate (0.5 
mmol, in 1 ml pyridine was added. After 45 minutes at 
room temperature, the mixture was conentrated under 
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vacuum to a small volume. The crude product was 
precipitated with ether. This was dissolved in 0.1 M 
phosphate buffer pH 8.0. The tr isphosphate was purified 
by chromatography on DEAE cellulose eluting with a 
gradient of 0.1 to 0.6 M tr iethyl ammonium bicarbonate ph 
7.5. 

EXAMPLE XX 



DMA was labeled with 5-substituted pyrimidine triphos- 
phates by nick translating DNA in the presence of the 
appropriate triphosphate. An example follows for 
labeling purified DNA with biotinylated 5-formyl-2'- 
deoxyuridine. DNA (20 ug/ml) was incubated at 14°C. in 
the presence of magnesium chloride (5 mM) 2'-deoxy- 
cytidine-5' -triphosphate (15 mM) , 2 'deoxyadenosine-5 ' - 
triphosphate (15 uM) , 2 ' -deoxyguanosine-5 • -tr iphsophate 
(15 uM), biotinylated-5-formyl-2 , -deoxyuridine-5*-tri- 
phosphase (20 uM) , activated pancreatic deoxyribonucle- 
ase I (13 mg/ml), E^ coli deoxyr ibonuclease acid, 
polymerase I (40 units/ml) and tris HCL, pH 7.4 (50 mM) . 
After 2 hours the reaction was stopped by addition of 
0.3 M EDTA (.05 ml) followed by heating at 65° for 5 
minutes. Labeled oligonucleotide was purified by gel 
filtration chromatography through Sephadex G-100 "and 
precipitation from cold ethanol. 
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EXAMPLE XXI 

PRECIPITATION OF GLUCOS YLATED DNA 
BY CONCANAVAIilN A 

Reaction mixtures (1.0 ml) were prepared in 1.5 ml 

eppendorf tubes as follows: 

Sodium potassium phosphate, pH 6.5 lOmM 
NaC1 150mM 

«gso 4 5mM 

CaC1 2 ImM 
DNA (T4 of calf thymus) 5 o U g 
Cancanavalin A (10 mg/ml) 50-500 ug 

Reactions were started by the addition of concanavalin A 
(Con A) . The solutions were mixed and left at room 
temperature for 60 minutes. The tubes were centrifuged 
at 1200 g for 15-20 minutes. The supernatants were 
diluted and the A 2 6o was measured. 

Since Con A absorbs at 260 nanometers, control solutions 
lacking DNA but containing Con A were prepared. The Con 
A absorbance was substracted from the absorbence 
obtained in the complete reaction mixture 



:es. 



The results of this reaction are presented in accompany- 
ing Figure 1. 
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EX AMPLE XXII 

BINDING OF GLUCOSYLATED DNA 
TO CQNCANA VAL I N A 



Phage T4 DNA and phage DNA were labeled by incorpor- 
ation of H^-deoxyadenosine triphosphate into the DNA by 
nick translation according to the Rigby et al procedure. 
T4 DNA was nick translated to a specific activity of 
SxlO^cpm/micrograra and an average double- standed size 
of 5 kilobases. Lambda DNA was nick translation to a • 
specific activity of 3xl0 5 cpm/microgram and an average 
double stranded size of 6.0 kilobases as determined by 
agarose gel electrophoresis. Unincorporated nucleotide^ 
were removed from the reaction mixtures by Bio-Gel P-60 
chromatography. 

Con A sepharose was prepared as described by the 
manufacturer (Pharmacia). One ml of settled gel 
contained 18 mg of bound Con A. One ml columns were 
prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0.15 M NaCl ; .01 M sodium 
potassium phosphate, pH 6.5). « 

H 3 -DNA samples were prepared in 0.5 ml of buffer (as 
described in Example XXI but without Con A). T4 DNA 
solutions contained 176,000 cpm/0.5 ml, and DNA 
solutions contained 108,000 cp./0.5 mi. A 0.5ml sample 
was applied to the column, 

A 10.5 ml volume of buffer was passed through the 
column, and the eluate fractions (0.33 m) were collected 
arid counted in a Beckman LSC-100 scintillation counter 
in a 3.5 ml reafluor cocktail (Beckman). The results 



(Figures 2A and 2B) show that non-glucosylated DNA was 
not bound whereas glucosylated T4 DNA was bound to the 
column. The bound T4 DNA was removed by washing the 
column with a higher P H buffer (Tris-HCl, P H 7.2 - 8.2). 

Furthermore, consistent with the interaction of glucose 
and Con A, mannose, when included in the buffer in which 
the DNA is applied to the column, prevents binding of 
glucosylated DNA to Con A sepharose. Also, mannose- 
containing buffer (PBS-containing 0.056 M mannose) 
removes bound T4 DNA from Con A sepharose (Figures 3A 
and 3B) . 



Further illustrative of the practices of this invention 
directed to nonradioactive methods or techniques of 
assaying for specific nucleic acids, the following 
example deals with the use of the sugar-lectin system. 
This example deals with the use of DNA which is not 
glycosylated in nature but rather has had a maltotriose 
group added thereto by way of nick^ translation described 
herein. The maltotriose modified dUTP and DNA modified 
therewith bind specifically to a column of concanvalln A 
covalently bound to sepharose. By this technique and in 
accordance with the practices of this invention, there 
is provided a means for specifically labeling any 
nucleic acid with -sugars. As previously indicated 
herein, nick translation is only one of a number of 
techniques and approaches possible for the production of 
the modified nucleic acids in accordance with this 
invention. 



EXAMPLE XXIII 



Lambda DNA was nick translated as described herein with 
maltotriose coupled to 5- (3-amino-l-propenyl ) -2 1 -deoxy- 
uridine-5' triphosphate and 3 H-2 ' -deoxyadenosine-5 ' - 
triphosphate. Under these conditions DNA was 
substituted to 40 per cent of its thymidine residues 
•with the maltotriose nucleotide and had a specific 
activity of 8x105 counts per minute (cpm) per microgram 
of DNA. A control sample of DNA substituted only with 
3 H-dATP had a specific activity of 6xl0 5 cpm per 
microgram DNA. The nick translated DNA samples were 
purified free of reaction mixture components by Biogel 
P-60 chromatography as described herein. 

The purified samples were applied to Con A-sepharose 
columns as described in Figures 2A and 2B. The malto- 
triose-labeled DNA was retained on the column when 
washed with PBS but was removed by subsequent elution 
with 10mM Tris-HCl, pH 8.2 (Figure 4A) . The unsub- 
stituted tritiated DNA did not bind to the column at pH 
7.4 (Figure 4B) . 



EXAMPLE XXIV 



Potentially immunogenic heptenes may be introduced at 
the 5 position of uridine by a variety of methods in the 
literature. 5- (perf luocobutyl ) -2 • -deoxyur idine was 
synthesized using a method of Cech et al, Nucl. Acids 
R?JLl 2. 2183 (1979). Copper-bronze was prepared" 
reacting copper sulfite (5 g, 20 mmol, with zinc powder 
(2 g) in 20 ml water. The mixture was decanted, and th* 
residue washed with water and then 51 hydrochloric acid 
and water. Just before use, the solid (2 g, was 
activated with 2% iodine in acetone (20 ml). After 
filtration the residue was washed with acetone concen- 
trated hydrochloric acid and then pure acetone. 
Activated copper- bronze (130 mg. 2 mmol) and 
l-iodo-l' f2 .2',3,3\4,4'heptafluorobutane (1.3 mg 4 
mmol) were stirred in 3 ml dimethylsulfoxide at 110°c 
for 1 hour. After cooling and filtration, 
2 '-deoxyur idine (245 mg, Immol) was added, and the 
mixture heated at ll 0 o C . for 1 hour. Water (5 ml, was 
added, and the mixture extracted with ether. The ether 
extracts were dried and evaporated under reduced 
pressure. The residue was chromatographed on a silica 
gel column eluting with ethylacetate . 



EXAMPLE XXV 



Tubericydin was substituted at the 5 position by' 
derivitizing the 5-cyano compound, toyocamycin. An 
example is the synthesis of 4-amino-5 (tetrazol) -5- 
yl)-7- (B-D-ribofuranosyl) pyrroloI2,3-d]pyrimidine 
using a procedure of Schram and Townsend, J, Carbohydr ate 
Nucleosides Nucleotides 1, 38 (197.4). Toyocamycin (1.0 
g) dissolved in water (100 ml) and glacial acetic acid 
(13 ml) was heated to reflux. Sodium azide (7.5 g, was 
added in 1.25 g portions over 10 hours. The solution 
was cooled to 5°C. and the precipitated product collected 
M.P. 276-277°C. 
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EXAMPLE XXVI 



5-Cyano-2'-deoxyuridine was prepared according to 
Bleckley et al, Nucl. Acids Res. 2, 683 (1975). 5-Todo- 
2 , -deoxyuridine (1.0 g, 2.82 mmol) was dissolved in 
refluxing hexamethyldisilizane (HMDS) (10ml). Excess 
HMDS was removed at reduced pressure, and the resulting 
oil was dissolved in dry pyridine (50 ml). Cuprous 
cyanide (350 mg, 3.8 mmol) was added, and the solution 
heated at 160O C . for 20 hours. Pyridine was removed at 
reduced pressure, and the residue extracted into toluene 
which was subsequently evaporated. The residue was 
heated in 501 aqueous ethanol at 100° for 2 hours. The 
product was purified by reverse-phase high pressure 
liquid chromatography and recrystallized from ethanol 
M.P. 161°C. 

EXAMPLE XXVII 

4-amino-5-amino methylene-7- (/J-D-2-deoxyf uranosyl ) 
pyrrolo[2,3-d]pyrimidine dihydrochloride was obtained as 
follows. 4-amino-5-cyano-7-(/*-D-2-deoxyf uranosyl) 
pyrrolo(2,3-d)pyrimidine (Toyocamycin) (0.2 g) was 
dissolved in hydrochloric acid (10 ml). 101 palladium 
on charcoal (0.1 g) was added as the mixture hydrogen- 
ated at 40 psi for 5 hours at room temperature. After 
filtration the water 'was evaporated at reduced pressure. 
The residue was triturated with ethanol, and the' product 
recrystallized from 50% ethanol. 
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EXAMPLE XXVIII 

5-amino-2' -deoxyur idine was prepared from 5-bromo-2'- 
deoxyuridine according to the procedure of Roberts and 
Visser, AnK Chem. Soc. 14:665-669 (1952). 5-bromo- 
2'-deoxyuridlne (2g, 6.2 mmol) dissolved in liquid 
ammonia (20 ml) was scaled in a glass tube and heated 
at 50° for 5 days. The tube was opened, and the ammonia 
was evaporated. 5-amino-2 ' -deoxyur idine was recrystall lzed 
from 5 ml water and 75 ml hot isopropyl alcohol. 

EXAMPLE XXIX 

5- (methylamino)^ 1 -deoxyur idine (0.2 g) was prepared as 
follows. 5-cyano-2' -deoxyur idine (0.2 g, 0.05 mol) was 
dissolved in 1 N hydrochloric acid (10 ml). 10% 
palladium on charcoal (0.1 g) was added, and the mixture 
hydrogenated at 40 p.s.i. for 10 hours at room tempera- 
ture. The mixture was filtered and the water evaporated 
at reduced pressure. The residue was triturated with 
ether, and the product was recrystallized from 80% 
ethanol . 

EXAMPLE XXX 

Maltose triose was oxidized to the corresponding 
carboxylic acid by the following method. Maltose triose 
(0.5 g, 0.94 mmol) was dissolved in water (5 ml). Lead 
carbonate (0.42 g, 1.1 mmol) and bromine (0.17 ml), 3.3 
mmol) were added, and the mixture was allowed to react 
at room temperature for six days after which no reducing 
sugar remained. The mixture was filtered, and silver 
carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elution through Dowex 50 (H + 
form). Evaporation of water and drying in the presence 
of phosphorus pentoxide yielded the desired product. 



0: 
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EXAMPLE XXXI 



Maltose triose was coupled to 5- <3-amino-l-propenyl> - 
2 -deoxyuridine-5' triphosphate by the following 
procedure Oxidized maltose triose (l 90 mg, 0 .18 mmol, 
was dissolved in dimethylformamide ,0.8 .1, and cooled 
to* C isobutyl chloroformate (25 mg f 0.18 mmol, and 
tr -n-butyla ra ine (43 ul, 0.38 mmol, were added, and the 
-olution allowed to react at 4 o C . for 15 mlnuteg> 5 _ (3 _ 

utiT^rT yl, " 2, " deoxyuridine - 5, - triphos P hate ».o 

umol, dlsgolved in d . methyl forraainide ji;a ^ 
M sodium borate and cooled to 4 o c . , wag added to the 
above solution. The mixture was incubated at 4 o c for , 
hour and at room temperature for 18 hours, it was then 
loaded on a DEAE-cellulose column and e.luted with . 
gradient of 0.1 to 0.6 M triethylammonium bicarbonate, 
PH 7.5. The product was finally purified by reverse 
Phase high pressure liquid chromatography. 

Following are Examples XXXII and XXXIII. Example XXXII 
is a method of tagging allylamine modified dUTP with a 
fluorescein substituent- Thi,* i~ 

of , e , "scicuent. Th*s is an example of creation 
of self detecting nucleic acid probe. Example XXXIII 
is a method of labeling preformed double helical, nucleic 
acxds at the N 2 position of guanlne ^ ^ ^ ^ 

of adenme. Example XXXVII has the detector molecule 
linked to the probe, Chromosoma 84, i- 18 (1982) and 

Til, rhod RSS * 128!485 - 490 ' dlScio - labeling of RNA 

with rhodanune. However, the procedure of this 

invention is less disruptive and labels internal nucleo- 
tides. 



-76 



EXAMPLE XXXII 

Fluorescein was coupled to 5-.(3-amino-l-propyl ) -2 • - 
deoxyuridine-5'-triphosphate (AA-dUTP) as follows. AA- 
dUTP (10 urnol), dissolved in 2 ml SO dium borate buffer 
(0.1 m), p H 9.0, was added to fluorescein isothiocyanate 
(10 rag, 25 umol) dissolved in 1 ml dimethyl formamide. 
After four hours at room temperature the mixture was 
loaded onto a DEAE-cellulose column equilibrated in 
triethylammonium bicarbonate buffer, pH 7.5. The 
fluorescein coupled AA-dUTP was purified by'elution with 
a gradient of from 0.1 to 0.6 m triethylammonium 
bicarbonate, pH 7.5. 

EXAMPLE XXXIII 

DNA may be modified by reaction with chemical alkylating 
agents. Lambda DNA was alkylated in n2 position of 
guanine and N« position of adenine by reacting DNA with 
aromatic hydrocarbon 7-bromomethylbenz [a] anthracene. 7- 
bromomethylbenz [a J anthracene was obtained as follows ?- 
methyl [aj anthracene in carbon disulfide solution was 
cooled in a freezing mixture and treated dropwise with a 
molar equivalent of bromine. After 30 minutes, the 
product in suspension was collected, and was washed with 
dry ether and recrystallized from benzene. The yield 
was 66% with melting point 190.5-191 .50 C . 

DNA, purified from phage Lambda., (1.6 mg) was solubil- 
ized in 5.0 ml of 20 mM potassium phosphate pH 6.5. To 
4.0 ml of DNA solution was added 500 micrograms 7- 
bromomethylbenz [a] anthracene in dry acetone. After 30 
minutes at 20°. the DNA wag precipitated wlfch ^ 

volumes of cold ethanol. The precipitate was washed 
successively with ethanol, acetone and ether to remove 
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any u bound 7-bromo„,ethylbenz ( a,anthracene. Erratic 
hydtolyx. of the DNA to nucleosides and subsequent 
chromatography of the products on Sephadex LH-20 
columns, indicated that 181 of the adenine and 48, of 
the guanine in DMA .ere modified in N 6 and H 2 positlon3 
respectively. tuitions, 

The modified DNA was made single stranded either by (1, 
heatxng to 10 0 o f or 5 minutes and rapid cooling or " (2, 
incubating with equal volume of 0.1 M NaOH for 10 

atitt 3 T\T dlaly2lng ^ S ° 1Uti0n f ° r f °- h — 
keen Z ^ ^ C °" taini ^ 0.5 ml EDTA to 

keep the DNA in single-stranded form. 



EXAMPLE XXXIV 



A DNA probe was ligated to a synthetic DNA composed of 
repeated sequences of E^ coli lac operator DNA. After 
hybridization to detect antiprobe sequences, the 
hybridized DNA was detected by reaction with biotinyl- 
ated lac repressor which was, in turn, detected by an . 
enzyme linked immune sprbent assay using goat antibiotin 
IGG to react with the biotin and a second antibody ■ 
coupled to horse radish peroxidase. The lac polyoperator 
DNA has been described by Caruthers (Second Annual 
Congress for Recombinant DNA Research, Los Angeles, 
1982), and it was ligated, in a blunt end ligation,' 
using T4 ligase, to an adenovirus DNA probe, in situ 
hybridization of the polyoperator-labeled probe DNA was 
carried out as described by Gerhard et al (Proc. Natl. 
AcacL Sci. USA, 78, 3755 (1981). Biotinylated lac 
repressor was prepared as described by Manning et al 
JChromosoma, 53,. 107-117 (1075) and was applied' to 
adenovirus infected cells, fixed to a glass slide, in 
Binding buffer composed of (0.01 MK CI. 0.01 M tris (pH 
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7.6,, 0.01 M MgS0 4 , i 0 -4 MEDTA , l 0 "4 M DTT, 5% DMSO 
(dimethyl sulfoxide) and 50 ug/ml bovine serum albumin 
by J. Miller, Experiments in Molecular Genetics . Cold 

Spring Harbor Laboratory (1972* Th« -i 

Ly «■>•»'<>• The slides were washed 

in binding buffer to remove unbound biotinylated lac 
repressor and then assayed for blotin using the horse 
radish peroxidase-linked double antibody procedure 
Thxs procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized 
repressor protein and then removed by elution with a 
specific inducer, for example, isopropyl thigalactoside 
or thiomethylgalactoside. The affinity of the 
repressor- operator complex is quite high l<r" M. When 
a specific inducer binds to the repressor the operator- 
repressor complex collapses. 

EXAMPLE XXXV 

5-Bromo-2'-de 0 xyuridine-5'- P hosphate was prepared as 
follows: 2'-Deoxyuridine-5'-phosphate (6.2 g, was sus- 
pended in a mixture of 60 ml pyridine and 30 ml acetic 
acid. Bromine (0.84 ml, was added with stirring in an 
ice water bath and stirring continued for 20 hours at 
room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was precipitated by addition of ethanol 
The crude product was chromatography on Dowex'50 (H + > 
and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 
ethanol. 
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EX AMPLE XXXVI 

Calf intestine alkaline phosphate was biotinylated as 
follows: The enzyme (1 mg, 7.7 mmol) was chromato- 
graphed on a G-50 column eluting with 0.1 M Hepes buffer 
PH 8.0 containing 0.1 M sodium chloride. The pooled 
fractions were reacted with N-biotinyl-6-amino-caproic 
acid-N-hydroxysuccinimide ester (0.675 mg, 0.77 umol) 
dissolved in 10 ml diemthylformamide at room temperature 
for 1 hour. Sodium periodate (0.1 M 125 ul) was added 
and stirring continued for 2 hours. The mixture as 
dialyzed at 4° overnight in 0.1 M. Hepes buffer P H 8.0 
with 0.1 M NaCl after which the pH was adjusted to 7.4. 
Biotin hydrazide (0.1 M, 0.5 ml) dissolved in 0.1 M 
Hepes buffer pH 7.4 and 0.1 M NaCl was added and the 
reaction stirred for 30 minutes at room temperature. The 
PH was adjusted to 8.0 with 0.2 M sodium carbonate and 
0.5 ml of freshly prepared 0.1 M sodium borohydride in 
water was added, the solution was dialyzed against 0.1 M 
tris buffer pH 8.0 with 0.1 M NaCl. 

EXAMPLE XXXVII 

6-Cyano-2'.-deoxyuridine-5 '-phosphate was prepared' 
similarly to a procedure of Veder et al, J. Carbohvdr. 
Nucleosides, Nucleotides. 5, 261 (1978). S-bromo-2'- 
deoxyuridine-5' -phosphoric acid (2.0 g, 15 mmol.) dried 
by successive evaporation from pyridine was dissolved in 
50 ml dimethylsulfide. Sodium cyanide (490 mg, lo mmol) 
was added and the solution stirred at room temperature 
for 2 days. The solution was diluted with 400 ml water 
and the pH adjusted to 7.5. It was applied to ,a DEAE- 
cellulose column (HCO-3 form) washed wifch Q Q2 ^ 

triethylammonium bicarbonate to yield the desired 
product. 



EXAMPLE XXXVIII 



6-(Methylaniino)-2 , -deoxyuridine-5 , -pho S ph 0 cic acid was 
prepared as followss 6-Cyano-2'-deoxyuridine-5'- 
phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g) , the mixture was hydrogenated at 40 psi 
for 20 hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyo- 
philized. The product residue was extracted with 
ethanol. 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 
distilled water was added to 1.0 ml freshly prepared 0.1 
M sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
4°C. against 1 mM sodium acetate pH 4.4. Biotin 
hydrazide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0.1 M 
Hepes buffer pH 7.4 with 0.1 M sodium chloride was 
brought to p H &.0 with 0.2 M sodium carbonate and 0.5 ml 
of a freshly prepared 0.1 M sodium borohydride solution 
in water was added. After 2 hours at 4°C. the protein 
was purified on a Sephadex G-50 column eluting with 0.1 
M Hepes and 0.1 M NaCl. 

EXAMPLE XL 

Carrot acid phosphatase has been mentioned by Brunngraber 
and Chargaff, J. Biol chem. . (1967) 242, 4834-4840 as a 
byproduct of the purification of phosphotransferase and 
has been purified to a specific activity of 460- uM/mg/min 



-81- 



at 37°C. with parani trophenylphosphate as the substrate. 
The purification involved the steps of (a) absorption of 
non-specific proteins by DEAE cellulose; (b) acid 
purification of the enzyme; (c) acetone fractionation; 
(d) concanvalin A affinity chromatography; (e) hydroxy- 
apatite chromatography and (f) Sephadex G-100 fraction- 
ation. The specific activity of the enzyme subjected to 
the Sephadex G-100 fractionation due to loss of activity 
in the preceding affinity chromatography step (d) was 
170 uM/mg/m. By changing elution conditions at step 
(d) , these losses can be avoided with the result that 
the specific activity of the enzyme before the Sephadex 
G-100 fractionation can be improved to 340 uM/mg/m, The 
Sephadex G-100 fractionation step should yield an enzyme 
having a specific activity of 800 uM/mg/m or higher. 
Carrot acid phosphatase was biotinylated using a 
procedure of Wilchek et al Biochemistry 6, 247 (1967). 
To the enzyme (20 mg) dissolved 0,1 M NaCl, pH 5, was 
added biotin hydrazide (2.0 mg, 7xiD~?,,mmol) and 1- 



ethyl-3- (3-dimethylaminopropyl) cag b o d imido . hydrochloride 

(1 mg, 7x10"* 3 mmol) dissolved in 0,1 N NaCl, pH 5, 
After 2 hours at 4°C. the enzyme was chromatographed on 
Sephadex G-50 eluting with 0.1 M sodium acetate, pH 5.0. 
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Of special importance and significance in the practices 
of this invention is the utilization of self -signaling 
or self -indicating or self -detecting nucleic acids f 
particularly such nucleic acids which are capable of 
being incorporated in double-stranded DNA and the like. 
Such self-signaling or self -detecting nucleic acids can 
be created by covalently attaching to an aliylamine 
substituent making up a modified nucleotide in accord- 
ance with this invention a molecule which will chelate 
specific ions, e.g. heavy metalg, rare earths, etc. 
In general, the chelated ion can be detected either (a) 
by radioactive emission or (b) by using the ion to 
catalyze a chrornogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyclohexane 

»2 




to form 3,4-diamino bromo cyclohexane (dABCH) » This 
compound is reacted with halide (CI, Br, I) substituted 
carboxymethyl compound to produce a tetra carboxymethyl 
derivative or dABCH (TCM-dABCH): 
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Br 



3) 




+|XCH 2 -COO 




Br 



cc 



/ CH 2 COO 
CH 2 C0O 
CH 2 COO 

N CH 2 COO 



The bromine is substituted by an amino group using 
soluble ammonia: 



4) 




+ HH 4 (liq) 




Then this compound is reacted with chloro thiophosgene 
to produce the isothiocyanate derivative of (TCM-dANCH) 



5) 



H 2 N 




+C1-CS 



S=C=N- 




— N — 



A 2 "2 
Finally, this compound is reacted with dUTP-allylamine 
derivative to produce modified dUTP, 



S-ON 



6) 



dUTP-Allylamine + 




H 2 CH.COO 
dUTP-Allyl-N - C - N - r T VCH 2 C0 ° 




v ,CH COO 
N * 
H 2 ^CH COO 

Cobalt or other heavy metal ions or other rare earth 
ions can be chelated to the compound after step 3 above. 
Or the nucleic acid can be substituted with this adduct 
and then the ion added. ( Example , cobalt is added at pH 
6 where the binding constant is 10" 19 M) . 



Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
leuco form in the presence of molecular oxygen. It can 
be used to oxidze soluble sulfhydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in 
gels (for example, sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a weak or strong 
or Remitter is needed, that isotope can be chelated. 
Examples of isotopes that can be used are listed immed- 
iately hereinafter. 



Antimony- 124 
Antimony- 125 
Arsenie-74 

Barium- 133 
Barium- 140 
Berylllum-7 
Bismuth-208 
Blsmutri-207 

Cadmium- 109 
Cadmium- 115m 
Calclum-45 
Carbon- 14 
Cerium- 139 
Cerium- 141 
Cerium- 144 
Cesium- 134 
Cesium- 137 
Chlorlne-36 
Chromium-51 
Cobalt-56 
Cobalt-57 
Cobalt-56 
Cobalt-60 

Erbium- 169 
Europium- 152 

Gadolinium- 153 
Gold- 195 
Gold-199 

Hafnium- 175 
Hafnium- 175+ 181 
Hafnium- 181 

Hydrogen-3 see Tritium 



Iodine- 125 
Iodine- 131 
Iodine- 132 
Iridium- 192 
Iron- 55 
lron-59 

Krypton-85 



Lead-210 



(um-177 



Manganese-54 
Mercury- 197 
Mercury- 203 
Motybdenum-99 

Neodymlum-147 
Neptunlum-237 
Nickel-63 
Nlobtum-95 

Osmium- 185+ 191 

Palladium- 103 

Plattnum-195m 
Praseodymium- 143 
Promethium-147 
Protactlnium-233 

Radium-226 
Rhenium- 186 
Rubtdtum-86 
Rulhenium-103 
Ruthenium-106 



Scandlum-44 

Scandlum-48 

Selenium-75 

Silver- 110m 

Sllver-111 

Sodlum-22 

Strontium-85 

Strontfum-89 

Strontlum-90 

Sulphur-35 

Tantalum-182 
Technetlum-99 
Tellurium-125m 
Tellurium* 132 
Terbium-160 
Thalllum-204 
Thorium- 228 
Thorium- 232 
Thulium- 170 
Tin- 113 
THanium-44 
Tritium 
Tungsten- 185 

Vanadium -48 
Vanadlum-49 

Ytterbium- 169 " 
Yttrium-88 
Yttrlum-90 
Yttrium-91 

Zlnc-65 , 
Zirconium-95 
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Streptavidin, a protein produced by a Streptomyces 
avidinii is a large molecular weight component of a 
synergistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active 
against gram-negative microorganisms. It has been found 
that the small component of this antibiotic prevents de 
novo synthesis of the vitamin biotin and thus, at least 
in synthetic media, show antimicrobial activity, in 
complex medium, however, the large component has to be 
included to exert the same effect on bacteria. This has 
been shown to be due to the presence of external biotin 
in the complex medium. The large molecular component 
has been found to bind external biotin and thus demon- 
strating the same kind of action as avidin from eggs and 
oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 60,000 
dalton polypeptide. Like avidin, streptavidin contains 
four subunits and binds tightly four molecules of biotin. 
Unlike avidin, however, it is non-glycosylated and it 
has PI of 5.0 as compared to avidin with PI - 10.5. Due 
to the difference in pi streptavidin does not have a 
tendency to non-specif ically interact with DNA. 

PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt, 1! gl'ucose, 
0.1% asparagine, 0.051 yeast extract and trace elements 
was prepared. The cultures were grown at 26°C. for 
three days. Mycellium was removed by centr ifugation and 
protein in the supernatant were absorbed to DEAE- 
cellulose in a batchwise process after pH was 'adjusted 
with 1M HC1 to 7.2. DEAE-cellulose was filtered off and 
washed with 20 imM Tris-HCl (pH 7.2) until no absorbancy 



at 280 nm was recorded. Streptavidin was eluted with 20 
mM Tris-HCl (pH 7.2) containing 0.5 M NaCl . Ammonium 
sulfate precipitation was used to further concentrate 
the streptavidin (50% w/v at 4°C). 

The precipitate was dissolved in water and dialyzed 
against 1.0 M NaCl, 50 mM Na 2 C0 3 . In the next step 
affinity column chromatography on iminobiotin sepharose 
was used. Eluted streptavidin from iminobiotin 
sepharose column was shown to be chromatographically 
pure by non-denaturing agarose-gel electrophoresis. 

The final purification of streptavidin is accomplished 
by affinity purification through an iminobiotin-sepharose 
column. Iminobiotin is an analog of biotin in which the 
carbonyl of the urea moiety is substituted with an imine 
function. Iminobiotin will bind avidin and streptavidin 
at basic pH but the complex is dissociable at acidic pH. 

Iminobiotin is prepared from biotin in several steps. 
Biotin is hydrolyzed by barium hydrox ide to cis-3 » 4- * 
diamino-2-tetrahydrothiophene-valeric acid which is 
reacted with cyanogen bromide to iminobiotin. The 1 
iminobiotin is coupled to amino sepharose via the 
N-hydroxysuccinimide ester of its hydrobromide salt. 

The crude protein mixture from DEAE eluted Stseptomyces 
avidinii incubation media is dissolved in 50 mM sodium 
carbonate and 1.0 M sodium chloride (pH 11) and applied 
to an iminobiotin column pre-equilibrated with this 
solution. The column is eluted at pH 11. Streptavidin 
is subsequently eluted with 50 mM ammonium acetate, pH 
4.0 containing 0.5 M sodium chloride. The eluent is 
dialyzed three times against 1 mM Tris pH 7.4 and lyo- 
philized to dryness. 
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In bhe practices of this invention avidin is useful 
as a detecting mechanism for labeled DNA f such as 
biotin-labeled DNA, However, avidin itself, such at 
about neutral pH, complexes with DNA with the result 
that any signal derivable from a complex between biotin- 
labeled DNA and avidin might be lost or be non-detect- 
able in the background due to the complex formation 
between avidin and unlabeled DNA. This disadvantage of 
the use of avidin in the practices of this invention is 
not possessed by streptavidin which does not form a 
complex with DNA at about neutral pH but is capable of 
forming a complex with the biotin portion of biotin- 
labeled DNA, 

In another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled compounds 
other than DNA, avidin and streptavidin are particularly 
effective as detecting mechanisms for labeled proteins, 
polysaccharides and lipids. By way of example, one can 
fix to a solid matrix a Specific antigen and bind to this 
antigen an antibody directed against this antigen which 
itself has been biotinylated . Then one can assay for" 
the presence of this biotinylated antibody by reacting 
it with avidin or streptavidin complexed with an enzyme, 
such as calf intestine alkaline phosphatase, or to which . 
fluorescing molecule, as for example fluorescein has been 
linked. 

The use of the antigen-antibody system for detecting 
either antigen or antibody is well known, A comparable 
system is a system based on a glycosylated substrate or 
molecule and matching or appropriate lectin. In this 
system the lectin would carry a label, such as, fluorescein 
or appropriate enzyme. In this glycosyl-lectin system 
the labeled lectin forms a complex with the glycosyl 



-fl: 

■><> 



t 

i 



-89- 



moiety, comparable to the antigen-antibody complex, 
and this complex comprising the glycosylated molecule 
and appropriate labeled lectin having the necessary 
glycosyl or sugar moiety specificity would then present 
itself eliciting the expected response from the label 
portion of the labeled lectin making up the glycosyl- 
lectin complex. 

Another aspect of the practices of this invention which 
is particularly advantageous is to carry out the detec- 
tion or hybridization in; the liquid phase between the 
DNA sought to be detected and the DNA detecting probe. 
In this liquid phase system both the DMA molecule to be 
detected and the appropriate DNA detecting probe are not 
attached to any insoluble substrate or any insoluble 
chemical moiety. The advantages of the liquid phase 
detection system reside in the speed of hybridization 
or hybrid formation between the DNA to be detected and 
the appropriate DNA probe therefor. For example, in 
a solid-liquid system the time required to effect 
recognition and hybridization formation is about ten 
times greater than if it were carried out in a complete- 
ly liquid system, i.e. both DNA to be detected and the 
detecting DNA are not attached to an insoluble moiety. 

The probes prepared in accordance with the practices of 
this invention are adaptable for use in the detection 
of viruses and bacteria in fluids as indicated 1 herein- 
above. Where the fluids to be examined do not contain 
large amounts of protein, the viruses therein can be 
concentrated by absorption on hydroxyapati te and eluted 
in a small amount of phosphate buffer. When the fluid 
to be examined contains large amounts of protein, the 
viruses can be concentrated by high speed centr if ugation. 
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If antibody were available, absorption on an affinity 

column and elution with acid would be preferable because 

it would be possible to process many probes in accordance 

with the practices of this invention at the same time. 

The bacteria to be examined is usually readily concentrated by 

In accordance with the practices of this invention, the 
identification or characer ization of the isolated 
particles, viruses and bacteria, would be hybridization 
of the characterizing or identifying DMA thereof with a 
specific single stranded DNA probe prepared in accordance 
with the practices of this invention. After hybridi- 
zation, excess non-hybridized probe DNA would be digested 
with Si nuclease and exonclease I from coli at high 
salt content to suppress the nicking activity of the S x 
nuclease, see Vogt, Methods in Enzymoloqy , Vol. 65, 
pages 248-255 (1980), This nuclease treatment would 
produce mononucleotides from the excess, non-hybridized 
single-stranded DNA probe but would leave the double- 
stranded, hybridized DNA intact. This would then be 
absorbed at high salt content on Dowex anion exchanger 
(the nucleotides and the small amount of oligonucleo- 
tides will not bind to the resin in high salt concentra- 
tion) . The resulting hybridized DNA would then be 
identified or character ized by various procedures 
applicable to the practices of this invention, 

moiety, a base B moiety^ J a purine or a pyrimidine and a 
signalling chemical moiety Sig covalently attached 
thereto, either to the P, S or B moietv^ Follow^n^ are 
^ structural formulas of various base B moietieij^nd 

nucleotides which are modified in accordance with the 
practices of this invention. 



The major purines 
Adenine 
(6-aminopur ine) 
NH 2 

I II 8 £H 



Two minor purines 

2-Methyladenine 
NH 2 

CH3- 
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Guanine 

(2-amino-6-oxypurine) 

0 

II 

H 



1-Methylguanine 
0 



p 6 »V, . 7 \ 



H 



The major pyrimidines 

Cytosine 

(2-oxy-4-aminopyrimidine) 
NH 2 

N k 



H 



Uracil 

(2,4-dioxypyrimidlne) 
0 

A 

HNj* CH 
H 



Thymine 

(5-methyl-2,4-dioxypyrimidine) 
0 

HNl^C-CH 3 



O-Cl XH 



Two minor pyrimidines 
5-Me thy Icy tos ine 
NH 2 

* 'C-CH 3 

0=e V CH 

H 



H 



N3 Mr 



5-Hydroxymethylcytosine 
I II 



PYRIMIDINE 



H 



la .1 



PURINE 



H 



. 'li!' 



The major ribonucleotides and deoxyr ibonucleotides. 

: Ribonucleoside 
5 '-monophosphates 




2 /-Deoxyr ibonucieoside 
5 ' -monophosphates 



OH 



Base 



OH H 



General Structure 



General Structure * 



Names 



Names 



Adenosine S'-phosphoric acid 

(adenylic acid; AMP) 
Guanos ine 5* -phosphoric acid 

(<juanylic acid; GMP) 
Cytidine 5* -phosphoric acid 

(cytidylic acid; CMP) 
Uridine 5* -phosphoric acid 

(uridylic acid; UMP) 



Deoxy adenosine 5* -phosphoric acid 

(deoxyadenyiic acid; dAMP) 
Deoxyguanosine 5 '-phosphoric acid 

(deaxyguanylic acid; dGMP) 
Deoxycytidine 5 '-phosphoric acid 

(deoxycytidylic acid; dCMP) 
Deoxy thymidine 5 '-phosphoric acid 

(decocythymidyli? acid; dTMP) 
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The special nucleotides in accordance with this inven- 
tion, as i™"^e^ to the P, S 

and B moieties, Include a chemical mofety Sig 
coavalently attached to the P, S and/or B molet'iesA Of' 
special interest in accordance with the practices of 
this invention would be those nucleotides having the 
general formula, 

{3-\" B - Sig 




P - 



tri 



* s 

or tetraphosphate 



erein Pjis the 'phosphor ic acigjpiety including mono-, 



^ ^the sugar or monosaccharide 
CfcKer a purine or a pyrimidine. 



^ moiety, B the base moiet^'eftty 
Qy The phosphoric acid moiety Pjjfis attached at the 3' and/or 
ftp the 5' position of the S moletySwhen the nucleotide is 

a deoxyribonucleotide and at th4 2', 3' and/or 5* position 



when the nucleotide is a ribonucleotide. The base B moietv 
is attached from the Nl posRj^n or the N9 position to the^ 
£p Imposition of the S moiety^when the base moiety is a 
pyrimidine or a purine, respectively;. ^^he Sig moiety is 



(Hcovalently attached to the B moiety.MSf the nucleotide 



A 

and 1 when so attached is capable or signalling itself or 



makes itself self-detecting or its presence known and 

oj;a^ion of "the 



desirably or preferably permits the inc 
^ resulting nucleotide P - S - B - Sig Ain6o"~or 'to form a 
double-stranded helical DNA or RNA ot 



ot DNA- RNA hybrid 



and/or to be detectable thereon. 



Another special nucleotide in accordance with this 
invention is characterized by the general formula: 

■ Sig 



v. 



P - S 
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Such nucleotides in accordance with this invention 
would be characterized .asur ibonucleotides . The 
£?phosphoric acid moiet^jis attached atj the 2\ 3* aggZpC 
Pp 5' position of the sugar S moiety^fnd the base Boeing 
attached from the Nl position or tha^9 position to Jthp 
1' position of the sugar S moiety^when said base^fs a 
pyrimidine or a purine, respectively. The Sig chemicajk 
moiety is covalently attached to the sugar S moiety/ ancK 
& said Sig chemical moiety when attached to said S moiety,; 
is capable of signalling itself or making itself 
self-detecting or its presence known and preferably 
permits the incorporation of • the ribonucleotide into 
its corresponding double- stranded RNA or a DNA-RNA 
hybrid. 

Sig 

& 

^ Such nucleotides P - S - B^desirably have the Sig 

chemical moiety attached to the C2' position .pf the S 
^ moiet^Vr the C3 f position of the S moiet^T 

Still further, nucleotides in accordance with the 
practices of this invention include the nucleotides 
having the formula, 

Sig 
i 

£i p - s - b 

yj wherein P j is the Dhosphor ic acid moiety, S the sugar 
/UoietyC^ncT ^ c tfie base m °i£^< In these special 
^ nucleotides the P moiety^is attached to the 3' and/or 
^ the 5' position of the S l moiety/when the nucleotide is 

deoxyribonucleotide and at the 2 ' , 3 f and/or 5* position 
when the nucleotide is a ribonucleotide. The base b/Is 
either a purine or a pyrimidine and the B mo letups* 
attached from the Nl or the N9 position to the 1* 



MA, 



j£ position of the sugar moiety when said B moiety^is a 

pyrimidine or a purine, respectively. The Sig chemical 
moiety isccovalently attached to the phosphoric acid P 
moietyy|Via the chemical linkage 



OH 



- P - 0 - Sig 



gpsaid Sig, when attached to said P moietyyjbeing capable 
of signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and 
when so incorporated therein is still self- detecting. 

It is pointed out that the special nucleotides in 
accordance with the practices of this invention 
described o^de^i^e^h^reinabove by the general formula 

!2p P - S - B - Sig^ also include nucleotides wherein the 
Sig chemical moiety is coyalently attached to the B 

^ moiet y(^ ? ^ 1 f N * or 6 " amino group position when the B 
moiety^xi adenine or t^ie^ N 2 or 2-amino group position 
when the B moiety^t^guanine or the N 4 or 4-amino group 
position when the B moiety is cytosine. The resulting 
nucleotides containing the Sig moiety attached thereto 
are capable of signalling themselves or making them- 
selves self-detecting or their presence known 'and being 
detectable is a double-stranded or DNA, RNA or DNA- RNA 
hybrid. 



m 
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By way of summary, as indicated hereinabove with 
respect to the make-up of the various special nucleo- 
tideshjin accordance with this invention, the special 
nucleotides can described as comprising a phosphoric, 
acid;n)oietv^a s'ugar moiety s/KSd a base moiety >J*P 
& Pur in* or p/Amidine, which combination oYv-S^tfd 
well^nown with respect to and defines nucleotides, 
bothjdeoxyribonucleotides and ribonucleotides. The ■ 
nucleotides are then modified in accordance with the 



practices of this invention by havina covalently 
attached thereto, to"* P moiety^nd/or the S moiety. 
!i En. £ and/or the B moietjj^a chemical nfeiety Sig. The. ^ 
£> chemical moiety Si^ so attached to the nucleoid p-s-b 

is capable of rendering or making M^t^nl ting 
p nucleotide, now comprising P-S-^wTth tht Sig moiety 
} beinoj attached to one or more of the other moieties, 
• selfJdetecting or signalling itself or capable of 
j making its presence known per se, when incorporated 
| intoj.a: polynucleotide, especially a double-stranded 
| polynucleotide, such as a double-stranded DNA, a 
double-stranded RNA or a double-stranded DNA-RMA 
hybrid. The Sig moiety desirably should not interfere 
with Ithe capability of the nucleotide to form a 
double-stranded polynucleotide containing the special 
Sig-containing nucleotide in accordance with this 
invention and, when so incorporated therein, the Sig- 
containing nucleotide is capable of detection,, 
localization or observation. 



The Sig moiety employed in the make-up of the special 
nucleotides of this invention could comprise an enzyme 
or eftzymic material, such as alkaline phosphatase, 



Sig moiety 



r- ribo- 
in a 



fluorescing component, such as fluorescein oc rhodamine 
ordansyl. If desired, the Sig moiety could include a 




■ill 
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magnetic component associated or attached thereto, such 
as a magnetic oxide or magnetic iron oxide, which would 
make the nucleotide or polynucleotide containing such a 
magnetic-containing Sig moiety detectable by magnetic 
means. 1 The Sig moiety might also include an electron 
dense component > such as ferritin, so as to be 
available by observation. The Sig moiety could also 
include a radioactive isotope component, such as 
radioactive cobalt, making the resulting nucleotide 
observable by radiation detecting means. The Sig 
moiety could also include a hapten component or per se 
be capable of complexing with an antibody specific 
thetetb. Most usefully, the Sig moiety is a 
polysaccharide or oligosaccharide or monosaccharide, 
which is capable of complexing with or being attached 
to a jsugar or * polysaccharide binding protein, such as a 
lectin, e.g. Concanavilin A. The Sig component or 
moiety of the special nucleotides in accordance with 
this invention could also include a chemiluminescent 
component. 
*..'!■ 

As indicated in accordance with the practices of this 
invention, the Sig component could comprise any 
chemical moiety which is attachable either directly or 
through a chemical linkage or linker arm to ^^%g^ 
^nucleotide, such as tc >^JS bas « B componentjtherein, 
t> the sugar^^omponent^herein, or the phosphoric aci 
j£) componenb^thereof . .» 



or 
acid P 



The Sig component of. the nucleotides in accordance with 
this j invention and the nucleotides and polynucleotides 
incorporating the nucleotides of this invention 
1 containing the Sig component are equivalent to and 



j useful for the same purposes as the nucleotides 
; described in the above 



Serial No, 255 




,22jp More specifically, hhe v - J 



0m 




W .'.'Hi''.' 



v 




chemical moiety A described in U.S. patent application 
Serial No. 255,223 is functionally the equivalent of 
the Sig component or chemical moiety of the special 
nucleotides of this invention. Accordingly, the Sig 
component or chemical moiety of nucleotides of this 
invention ^ b^dir^y ™aft&fcft Cached the P, 
S or B rnoietie^or attachfed^thereto via a chemical 
linkage or linkage arm as described in U.S. patent 
application Ser. No. 255,223, as indicated by the 
dotted line connecting B and A of the nucleotides of 
U.S. Serial No. 255,223. The various linker arms or 
linkages identified in U.S. Ser. No. 255,223 are 
applicable to and useful in the preparation of the 
special nucleotides of this invention. 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of 
such nucleotides in the preparation of DNA or RNA 
probes. Such probes would contain a nucleotide 
sequence substantially matching the DNA or RNA sequence 
of genetic material to be located and/or identified. 
The probe >would contain one or more of the special \ 
nucleotides of this invention. A probe having a 
desired nucleotide sequence, such as a single- stranded 
polynucleotide, either DNA or RNA probe, would then be 
brought into contact with DNA or RNA genetic material 
to be identified. .Upon the localization of the probe 
and the formation of a double-stranded polynucleotide 
containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed 
double-stranded DNA or RNA-containing material would 
then be observable and identified. A probe in 
accordance with this invention may contain substantial- 
ly any number of nucleotide units, from about 5 nucleo- 
tides up to about 500 or more, as may be required. It 
would appear that 12 matching, preferably consecutive, 



-99- 



nucleotide units would be sufficient to effect an 
identification of most of the DNA or RNA material to be 
investigated or identified, if the 12 nucleotide 
sequence of the probe matches a corresponding 
cooperative sequence in the DNA or RNA material being 
investigated or to be identified. As indicated, such 
probes may contain one or more of the special 
Sig-containing nucleotides in accordance with this 
invention, preferably at least about one special 
nucleotide per 5-10 of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the 
incorporation of the special nucleotides of this inven- 
tion into DNA and related structures. One particularly 
useful technique referred to hereinabove involves the 
utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3 # ends of a polypyr imidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the avidin 
would complex with the biotinated dUMP at the ends, of 
the DNA and be subsequently recovered. In accordance 
with the practices of this invention hybridization to 
mRNA could be accomplished in solution and the resulting 
hybrid recovered via a Sepharose-avidin column and the 
mRNA recovered therefrom. Similar techniques' could be 
employed to isolate DNA-RNA hybrids. This technique 
employing terminal transferase for the addition of the 
special nucleotides in accordance with this invention is 
widely applicable and the resulting modified nucleotides 
containing the special nucleotides in accordance with 
this invention including the special biotinated nucleo- 
tides or the special glycosylated nucleotides could be 
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selectively recovered via complexing with avidin upon a 
Sepharose-avidin column or complexing with a lectin, 
such as Concanavalin A or a Sepharose-Concanavalin A 
column* 

Illustrative of the practices of this invention, 
biotinated dUTP was added to the 3' ends of d[pT) 4 as well 
as single and double stranded DNA employing terminal 
transferase and the resulting product was purified through 
G-50 Sepharose and separated on a Sepharose-avidin affinity 
column. It was found that 69% of the d[pT] 4 molecules 
were biotinated and recovered on the Sepharose-avidin 
column. The results of this experiment established that 
terminal transferase added biotinated dUMP to the 3» ends 
of a polypyr imidine. 
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The detection of nucleic acids to which specific 
molecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind, 
in this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These 
nucleotides are then incorporated into specific nucleic 
acids using a DMA or RNA polymerase or ligase reaction 
or a chemical linkage. After annealing this probe with 
a complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the 
protein to the ligand covalently bound to the probe. ' 

Examples of protein-ligand reactions that are 
appropriate for this type of detector system include: 

1. Enzymes and allosteric effector or modulator 
molecules. An example of this is the enzyme threonine 
dehydratase which is a heterotopic enzyme in that the 
effector molecule, L-isoleucine, is different than the 
substrate, L-threonine, J. Monod, J. Wyman and J. P. * " 
Changeux (1965), J. Mol. Biol. I2i«w-li« 

2. Effector molecules involved in regulation. An 
example of this is the specific binding of 3',5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein, I. Pastan and R. Perlman, Science 169:339-344 
(1969). Another example is the lactose repressor 
molecule and the inducer molecules isopropylthiogalacto- 
side or thiomethylgalactoside. These two inducer 
molecules are called gratuitous inducers in that they 
are not metabolized by the enzymes they induce, W. 
Gilbert and B. Muller-Hill, Ptoc. Natl. Acad. Sci. (US), 
70:3581-3584, (1973). 
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3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the 
epinephrine-epinephrine receptor system in which 
epinephrine is bound in a ster iospecif ic manner with a 
high affinity to the receptor. With this system, since 
the receptor protein is insoluble in water, it will be 
imbedded in a lipid bilayer structure as for instance a 

' liposome. Suitable detector systems would include 
specific enzymes or fluorescent molecules inside or 
within the lipid bilayer. 

4. Specific ligand binding proteins included in the. 
transport of small molecules. An example of this is the 
periplasmic binding proteins of bacteria which have been' 
shown to bind many amino acids, glucose, galactose, 
ribose and other sugars, Pardee, A. Science , 162:632- 
637, (1968); G. L. Hazeibaur, and J. Adler, Nature New 
Bio. 230? 101-104, (1971). 

In the above-mentioned examples the ligand bound to the 
nucleic acid reacts with a naturally occurring protein. 
The specificity of this reaction resides in the 
ligand-binding site of the protein. 

One further example of small molecule interaction with 
naturally occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavine mononucleotide, flavine adenine 
dinucleotide, nicotinamide adenine dinucleotide, 
nicotinamide adenine dinucleotide phosphate, coenzyme A, 
pyridoxyl phosphate, biotin, tetrahydrofolic acid, 
coenzyme B 12 , lipoic and ascorbic acid. Many' of these 
molecules form covalent linkages with their apoenzymes. 
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However, some, for example, coenzyme A, coenzyme B l2 and 
tetrahydrofolic acid, associate in a non-covalent but 
specific manner with their cognate apoenzymes. A 
specific coenzyme-apoenzyme system for use in this 
system is flavine adenine dinucleotide (FAD) and flavine 
adenine dinucleotide reductase isolated from Escherichia 
coli. With this system the binding of FAD is sufficiently 
strong to permit detection. 

The special nucleotides of this invention and poly- 
nucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides, DNA and/or 
RNA^ comprising the components, phosphor ie .acid moiety 
t ^' fe ^^) sugar or monosaccharide moiety sj^the base moiety 
p ^ a purine or a pyrimidine, and the signalling or 
self-detecting moiety, Sig, covalentlva±tached to 
^either the P, S or B moie tie^kl^o^Sed hereinabove, 
have many uses and utilities. For example, the 
nucleotides of this invention and polynucleotides 
containing the nucleotides of this invention are useful 
as immune-stimulating agents, as adjutants in vaccines, 
as agents for the stimulation or induction from 
competen^eHSj such as lymphocytes, for the production 
of tffi^n^ or cytokinins, interferes or 

other cellular products. 

It is well known that double-stranded poly A:U is a 
stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly I:C is also known 
as a stimulator or inducing agent for the production of 
interferon. 

The advantage of polynucleotides, such as double-stranded 
polynucleotides incorporating one or more nucleotides in 
accordance with this invention is that, in effect, such 



J 



•104- 



polynucleotides would be more effective and more 
powerful inducing or stimulating agents for the 
production of interferon and related materials from 
cells. For example, nucleotides in accordance with this 
invention P, 
S, B and Sig£ r are Suitably prepared so that the 
nucleotides and polynucleotides prepared therefrom are 
more resistant to nucleases. Similarly, such nucleo- 
tides and polynucleotides containing the same and 
suitably prepared which are more capable of contacting, 
stimulating and penetrating cellular surfaces or 
membranes, such as the cellular surfaces or membranes of 
lymphocytes and other cells so as to stimulate the same 
for the production of a desired cellular product, such 
as interferon. 

Particularly useful among those special nucleotides in 
^n^^ 6 ^!! 1 ^^ invention having the formula P-S-B- 
Sigjandr especially Useful are those wherein the Sig 
component is at the 5 position of the pyrimidine or the 
7 position of the purine or a deazapurine or the N 2 , 
position of guanine or the N 6 position of adenine. Such 
nucleotides and polynucleotides incorporating the same, 
both single-stranded and double-stranded nucleotides, 
DNA and/or RNA are prepared in accordance with this 
invention to provide increased stability with respect to 
the double-strandea helix of DNA or RNA or DNA -RNA 
hybrid containing the same* Increased resistance to 
nucleases is also achievable as well as alterations or 
favorable changes in the hydrophobic' properties or 
electrical or charge properties of the nucleotides and 
polynucleotides containing the same. Also, nucleotides 
and polynucleotides in accordance with this invention 
are prepared which, when administered to humans, have 
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reduced pycogenicity or exhibit less other whole body 
toxic responses. Additionally, the nucleotides and 
polynucleotides are prepared in accordance with this 
invention to provide a ligand, such as the component 
Sig, to which specific polypeptides can combine to 
create or bring about the formation of RNA complexes, 
It is seen therefore that the nucleotide 
invention include the P, S, B and Sj 

loieties^bp^n up or provide a whole array of chemical 
tgents -having special biological effects including 



i of RNA complexes, 
sig components i wherein 



mo 
a 



therapeutic effects and cytotoxic effects. 

The special nucleotides of this invention, including 
polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for 
the production of cellular materials or products, such 
as interferons, lymphokines and/or cytokines, are also 
useful for their chemotherapeutic effect and for the 
preparation of chemotherapeutic agents based thereon 
but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. "The moiety Sig 
attached to the special nucleotides of this invention , 
? containing the other moieties, or components P, S, b^^^'^^J 
provides a site per se for the attachment thereto, 4he 
Sig component, of special agents of known chemothera- 
peutic or cytotoxic effect. Such nucleotides could be 
introduced or administered to the subject being 
treated, e.g. human body or animal, so as to be 
incorporated into the DNA and/or RNA components of the 
body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to 
attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 
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adHni.tr.tion of the nucleotides and/ or polv _ 
nucleotides containi„ g the nucleotides to the bl 

;:: b r or animai ' can be * • ; f 

u table means. Particularly effective would be the 

o :;:i n n o : s t h introd r tion to ^ «** - 

suitable h ! " Ucleot ^ of this invention and a 
suitable physiologically acceptable carrier or the 
nucleotides could be administered subcutaneously 
transdermal^, oc intramuscularly or by direct Intro- 
duction into the site where the chemotherapeutic o 
cytotoxic effect of the nucleotides is sought or 
desired to be effective. Not only could desired 
chemotherapeutic or cytotoxic effects be achieved 
systemically or locally but also, as indicated jc 
& Hereinabove, the special P , S , B and Sl MM^^ 
nucleotides of this invention, including polynuc ^ 

ides containing such nucleotides, are useful a 
immune-stimulating agents and adjuvants therefor. 
Accord ngly vaccines containing the special nucleo- 
tides nd poIynucleotides in accordance 

invention can be prepared having improved effectiveness 
and versatility* ^"veness 



Of speci.l lnl . r .. t ln t „, ptac[loe3 

'7" Polynucleotide, l„corpo„u„, t „e sp , olal 

nucleotides of this l nV p„n„ B v^^i 

or stiniul.n lnv ^tion are provided as inducers 

or stimulating agents for the production of interferon 

such poi ynucletoides would be slngle _ stranded o ; rferon - 

double-stranded ribonucleotides, dsRNA, having the 
structures, 
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or 



...tm 

A A' A" A' ' * 
B B ' B" B ' 1 ' 

...MA 
.WY\ 

A A" A" A* ' 1 



where A and B are complementary base pairs, such as a 
purine, a 7-deazapur ine or pyrimidine modified by the 
addition of an organic moiety Sig in accordance with 
the disclosures of this invention on the 5 position of 
the pyrimidine ring or the 7 position of the purine 
ring or the n2 Q f guanine, or the of adenine or the 
of cytosine as described herein. The modifications of 
the polynucleotides at these positions lead to relatively 
undisruptive or non-disruptive double-stranded nucleic 
acid molecules as measured by rates of association and 
melting points. In the special polynucleotides of this 
invention employed as inducers of interferon and other 
cellular or humoral factors or components, such as 
lymphokines or cytokines, the following groups would be 
attached thereto as indicated by the formulas,, 



( ) ( ) ( ) CH ? o 



0 



OH 0 



( ) -0-P 

0 



and/or 



u 



OH 0 
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In the utilization of the special polynucleotides of 
this invention, such as the special dsRNA of this 
invention in the induction process for the production 
of interferon it has been demonstrated that DEAE- 
dextran facilitates this operation. It appears that 
since DEAE-dextran complexes with dsRNA and protects it 
for nuclease degradation, thereby enhancing interferon 
induction. It has also been noted that poly rCtrl is 
taken into cells more efficiently when complexed with 
DEAE-dextran. Accordingly in the practices of this 
invention the hydrophobic properties and the ionic or 
electron charge properties of the special dsRNA of this 
invention are important factors and capable of 
manipulation in the applicability of these materials to 
induce inteferon production. It has been observed 
that such conditions or factors which promote the 
induction of interferon also lead to and promote the 
induction of other cellular or humoral components, such 
as lymphokines and cytokines. It is apparent, 
therefore, that the special nucleotides of this 
invention act as immune modulators and stimulators of 
the immune response other than simply being effective 
as inducers of interferon production. Superior agents 
for the above in accordance with the practices of this 
invention would include nucleotides wherein the Sig 
moiety incorporates biotin or streptavidin or avidin. 

Poly rI:poly rC complexed poly L-lysine exhibits 
adjuvant properties and such properties are enhanced 
and improved in accordance with the practices of this 
invention when the poly rl and poly rC components are 
modified to include one or more of the special 
nucleotides in accordance with this invention. 
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The preparation of DNA probes in accordance with 
another aspect of this invention can be carried out in 
a manner which does not require the preparation or 
utilization of the special nucletoides described 
herein. For example, double-stranded DNA can be 
reacted with a carcinogen or alkylating agent. After 
the carcinogen has reacted with or alkylated the 
double-stranded DNA, the resulting modified DNA is 
melted to produce a DNA hybridizing probe containing 
the reaction product of the DNA and the carcinogen or 
alkylating ageat* When thus-modified or reacted DNA is 
employed as a hybridizing probe, any resulting formed 
double helix or double-stranded DNA would be assayed or 
searched out by means of a double antibody technique. 
The primary antibody would be an anti-carcinogen and 
the secondary antibody would be horser adish-peroxidase 
conjugated anti-peroxidase antibody. The advantage of 
this technique is that it would be easy to label the 
double-stranded DNA. This special approach is 
indicated hereinabove in the examples accompanying the 
description of this invention and is generally applica- 
ble for the preparation of DNA probes from double- 
stranded or double helical DNA. However, this 
procedure is a disruptive procedure involving the^ 
modification of the double helical deoxyr ibonucleotide 
polymer or DNA. 

In the description of the special nucleotides and 
modified DNA employed or developed in the practices of 
this invention, mention has been made of mono, oligo 
and polysaccharides. It is pointed out that derivatives 
of mono, oligo and polysaccharides are also useful in 
the preparation of the special nucleotides of 'this 
invention. For example, it is possible to modify 
individual sugar moieities employed in the make-up of 
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the special nucleotides and employ the resulting 
modified sugar moieties to effect or carry out 
additional chemical reactions. Such modified mono r 
oligo and polysaccharide moieties, when employed as the 
Sig moieity in the preparation of the special nucleo- 
tides of this invention, provide an added versatility 
with respect to the detection of the nucleotides or 
other compounds contal^n^ such modified saccharides 
either as the sugar S^or as the Sig moiety thereof. 

In another aspect of this invention the Sig moiety 
instead of being attached to a nucleotide could also be 
attached to proteins. Not only could such proteins be 
attached to nucleotides or polynucleotides but also 
such proteins could be identified per se whether 
attached to a nucleotide or polynucleotide or un- 
attadhed. In accordance with the practices of this 
aspect of the invention, a suitable such protein adduct 
would have the formula, / 

/ 0 

/ M H H 

C 1 N 

i \ ■ 

wherein Rj is an OH or an amino acid or acids $nd R2 is 
an amino acid side chain and R3 is H or an amino acid 
or acids and Sig is attached to the Rj and/or R2 and/or 
*3- ■ 




